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ABSTRACT 



A reactor arrangement and process for indirectly contacting 
a reactant stream with a heal exchange stream uses an 
arrangement of corrugated heat exchange plates and a plate 
containing protnisions between theco migatcd plates to 
control temperatur e condiBPTB by Viliying the number and / 
or tliL piujLLtioLi Of the protru sions between the platesTrhe 
reg Lt u i miui i i w i iLut diij piotliis s or uiis mvenuon n^ y_bc 
u !.etl to u pferaifc a reactor under tsoinermai or otner con- 
trolled temperature conditions. The variation in protrusion 
airangemenU within a single heat exchange section is highly 
useful in maintaining a desired leraperature profile in an 
arrangement having a cross-flow of heat exchange medium 
relative to reactants. The protrusion arrangement offers a 
simplified method to eliminate or ininimize the typical 
step-wise approach to isothermal conditions. 

17 Claims, 3 Drawing Sheets 
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PROCESS AND APPARATUS FOR 
COINTROLLING TEMPERATURES EM 
REACTANT CHANNELS 

HELD OF THE INVENTION ^ 
This invention relates to chemical reactors for the con- 
version of a reaction fluid while indirectly exchanging heat 
with a heat exchange fluid. 

BACKGROUND OF THE INVENTION 

In many industries, like the petrochemical and chemical 
industries for instance, the processes employ reactors in 
which chemical reactions are effected in the components of 
one or more reaction fluids under given temperature and 
pressure conditions. Many of these reactions generate or 
absorb heat, to various degrees, and are, therefore, exother- 
mic or cndothermic. The heating or chilling effects associ- 
ated with exothermic or cndothermic reactions can posi- 
livcly or negatively affect the operation of the reaction zone. 
The negative effects can include among other things: poor 
product production, deactivation of the catalyst, production 
of unwanted by-products and, in extreme cases, damage to 
the reaction vessel and associated piping. More typically, the 
undesired effects associated with temperature changes will 
reduce the selectivity or yield of products from the reaction 

One soludon for controlling the changes in temperature ^ 
associated with the heats of various reactions has been to 
operate several adiabatic reaction zones with intermediate 
heating or cooling between the different reaction zones. In 
each adiabatic reaction stage, all of the heat liberated or 
absorbed during the reaction is transmitted directly to the 
reactive fluid and the reactor internals. The degree of heal 
release and the tolerance for temperature change determines 
the total number of adiabatic reactor zones required in such 
arrangements. Each zone or adiabatic stage of reaction adds 
significantly to the overall cost of such a process due to the ^ 
equipment expense of adding piping and heaters or coolers 
for inlcrmediate stages of heat transfer to a rcactant that 
passes through the reaction zones. Therefore the number of 
adiabatic steps is limited and such systems offer at best a 
stepwise approach to isothermal or other controlled tern- 
perature conditions. Moreover, the breaking up of a reaction 
zone into a series of reactors with intermediate heating or 
cooling of reactants, especially interferes with reactor 
arrangements that have continual addition and withdrawal of 
catalyst from the reaction zone. jg 

Oth er solutions to the problem of temperature con u-ol 
under' the influence_of difierent_heats of_reaclion_ha.ve, 
employed- direct or indirect heating or.coqling within.thE. 
reaction zone. Direct heating.pr.cooling miHjes_aj»m 
sating reaction haying a directionally-Siffercnt heat require- 55 
ment that occurs simulianefluiJyjyilhih£Hrincipal reaction.. 
The counter balancing reaction offsets heat release or heat 
adsorption from the prindpal jeaclion,,One..of.thc.siraplest 
forpis of such an anangemcnljs_an.cndothennic.prpccss.that 
uses oxidation of hydrogen to heal reactants in an. endol: so 
hcrmic reaction. ' ' ' 

Another solu tionh^ been the indirect heating of reactants 
andToT cat alysts within a reaction zone witn a neaimg of 
copltnglRedium. The m ost well known catalytic! reactors oi 
this tvp&ar t. tubulai ? i fi an p i-mpn j s ih ai have nxed or mo virTg 65 
bed catalysts. The geometry of tubular reactors poses layout 
constraints that require large reactors or limit throughput. 
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Indirect heat exchMgeJiag.yso_beenaccomplishcd-usiHg^ 
thin plates-to^dehne channels that al ternately retai nj:aiatysi- 

he ating or cooling the rcactants and catalysts. HeaUxcbange_ 
plates in these iridirecTheat exch ange-reactors.can-be-flal.oi^ 
curved and may have surfacev ariations su ch as co rru g ations 
to'iiErca5e1i«arirSsfcr Seiwcen the heat transfer fluids and 
the reactants and catalysts. Although the thin heat transfer 
plates can, to some extent, compensate for the changes in 
temperature induced by the heat of reaction, the indirect heat 
transfer arrangements are not able to offer the complete 
temperature control that would benefit many processes by 
maintaining a desired temperature profile through a reaction 

Many hydrocarbon conversion processes will operate 
more advantageously by maintaining a temperature profile 
that differs from that created by the heat of reaction. In many 
reactions, the most beneficial temperature profile will be 
obtained by substantially isothermal conditions. In some 
cases, a temperature profile directionally opposite to the 
temperature changes associated with the heat of reaction will 
provide the most beneficial conditions. An example of such 
a case is in dehydrogenation reactions wherein the selectiv- 
ity and conversion of the endothermic process is improved 
by having a rising temperature profile, or reverse tempera- 
ture gradient through the reaction zone. 

A reverse temperature gradient for the purposes of this 
specification refers to a condition where the change in 
temperature through a reaction zone is opposite to that 
driven by the heat input from the reaction. In an endothermic 
reaction, a reverse temperature gradient would mean that the 
average temperature of the reactants towards the outlet end 
of the reaction zone have a higher value than the average 
temperature of the reactants at the inlet end of the reaction 
zone. In an opposite manner, a reverse temperature gradient 
in an exothermic reaction refers to a condition wherein 
reactants towards the inlet end of the reactor have a higher 
average temperature than the reactants as they pass toward 
the oudet end of the reaction section. 

It is an objeclofthisjnvMtion^ 
offCTTgreaterTeifipera^rcco^^^freagan^^^ 
heafing'orcooling'ofXrcaction,streara.by ajieat.exchangc 
fluid within a reaction zone. 

it is a further object of this invention to provide a process 
and apparatus used for indirect heat exchange of a reactant 
stream with a heat exchange stream for controlling the 
temperature profile through the reaction zone. 

Another object of this invention is to provide a process 
that uses indirect heat exchange with a heat exchange fluid 
to maintain substantially isothermal conditions or a reverse 
temperature gradient through a reactor. 

BRIEF SUMMARY OF THE INVENTION 
This invention is a chemical reactor and a process for 
using a chemical reactor that employs an arrangement of 
heat exchange plates within the reactor that will maintain 
reactor temperatures within a desired range during the 
reaction. The heat exchange plates define alternate channels 
for the heat exchange fluid and the reactants. Heat transfer 
is conu-ollcd in this invention by locating a heat transfer 
adjustment plate in the center of channels that convey a heat 
transfer fluid through the reactor. The adjustment plate 
defines protrusion that extend into the heal tfansfcr channels 
and reduce or increase turbulence wilh the channel. Raising 
or lowering the turbulence in the heat exchange channel 
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increases or decreases Che heat transfer coefficient across the 
heat exchange plates that separate the reactant channels from 
the heat transfer channels. In this manner the degree of 
indirect heat exchange along the length of the reactor can be 
adjusted to maintain a desired temperature profile. 

The heat adjustment plate is susceptible to a variety of 
configutalions. The only essential requirement Is that the 
plate have a surface that creates a varied amount of turbu- 
lence as ihe heat transfer fluid contacts different portions of 
the plate. The plate can induce variations in turbulence by 
changing the surface roughness over different portions of the 
plate, using a varied number and size of a perforations over 
the plate. The more effective arrangements of this invention 
use the adjustment plate to define protrusions that extend 
from the plate and project into the flow path of the heat 
exchange fluid. 

The number, shape and amount of protrusions can be 
adjusted over the surface of the plate to provide the desired 
degree of temperature adjustment within the reactant chan- 
nels, For example in an endothermic reaction more or larger 
protrusions are provided in the heal exchange channels that 
heat the portion of the reactant channels located toward the 
outlet of the reactor. The increased number of protrusions 
toward one end of the reactor selectively increases heat 
exchange at the outlet end of the reactant chaimels and 
provides the necessary heat input to maintain a constant 
teniperalure throughout the reactant channels. The number 
of protnjsions provided over the plate can be adjusted as 
needed to suit the endothcrmicity or exothcrmicity of the 
reaction occurring in the reactant channels. 

This invention will promote the control of temperatures 
through a reaction zone. Preferably this invention will 
maintain the desired inlet and outlet temperatures within 10° 
F. and more preferably within 5° F. of a desired temperature 
profile through the reactant channels. Where isothermal 
conditions are desired the inlet and ouUet temperature are 
equal, such that one requirement of the substantially iso- 
thermal conditions described in this invention is that the 
mean inlet and outlet temperature vary by no more than 10° 
P. and preferably by no more than 5° P. 
■ A process and catalyst reactor arrangement that uses this 
invention may employ single or multiple reaction zones 
within a reactor vessel. The advantage of this invention is 
that the reactor vessel can provide the desired temperature 
gradient without intermediate withdrawal and recycling of 
reactants or heat exchange medium between the inlet and 
outlet of the reactor. The multiple reaction zones within the 
reactor vessel can be used to accommodate variations in the 
heat adjustment plate. 

Accardingly, in an apparatus embodiment, this invention 
is a reactor for controlling temperature profiles in a reaction 
zone. The reactor includes a plurality of spaced apart heat 
exchange plates. Each heat exchange plate has an extended 
length and defines a boundary of a heat exchange flow 
channel on one side of the plate and a boundary of a reaction 
now channel on an opposite side of the plate. Means arc 
pro vided for passing a reagU onJuid _a]ongjhrgugh_a„ElH- 
rali^ of the reaction flow channels defined by the jpjates 
al onga 'first~fl 6WpaUijnd.meMS_.^^iKvide^^ a 
heat cxcharigc'fliiid through a plurality^of the heat exchange 
channels defined by the plates al_otig.a 'sccpnd_fl£w.path._A 
heat adjustment plate iii each heat exchange channel define 
a plurality of protrusions that project into the heat exchange 
channels. The protrusions have an area of projection into the 
heat exchange How channel that varies over the length of the 
plate to produce varied turbulence across the channels. 



4 

Preferably each heat exchange plate defines corrugations 
and the heat adjustment plate is sandwiched between the 
corrugations in the heat exchange channel. 

In another embodiment, this invention is a process for 

S controlling the temperature of a reactant stream in a chemi- 
cal reaction by indirect heal exchange with a heat exchange 
fluid across a muldplicity of plate elements. The process 
comprises passing a heat exchange fluid from a heal 
exchange inlet to a heat exchange outlet through a first set 

,0 of elongated channels formed by a first side of a plurality of 
heat exchange plates. A reactant stream passes from a 
reactant inlet to a reactant ouLlet through a second set of 
channels formed by a second side of the heat exchange 
plates. Th£ process .exchanges -heat^.between. ,thc_,heat 
exchangeflui'd'and the reactant stream by contacting the heat 

" exchange fluid" with cbmgationa fpnncd ^by the heat 
exchange plates. In addition to the corrugations the heal 
exchange fluid in the heat exchange channels contacu a heat 
adjustment plate that contains a plurality of prouiisions to 
vary the heat uansfer coefficient within the heat transfer 

^ channels. 

The process may be useful in a wide variety of catalytic 
reactions. This invention is most beneficially applied to 
catalytic conversion process having high heats of reaction. 

2j Typical reactions of this type are hydrocarbon conversion 
reactions that include: the aromatization of hydrocarbons, 
the reforming of hydrocarbons, the alehydrogenation of 
hydrocarbons, and the alkylation of hydrocarbons. Specific 
hydrocarbon conversion processes to which this invention 
are suited include: catalytic dehydrogenation of paraSBns. 
reforming of naphtha feed streams, aromatization of light 
hydrocarbons and the alkylation of aromatic hydrocarbons. 

The reaction zones for the process of this invention may 
indirectly contact the reactants with the heat exchange fluid 

35 in any relative direction. Thus, the flow channels and inlet 
and oudets of the reaction zones may be designed for 
cocurrent, countercurrent, or crossflow of reactant and heat 
exchange fluid. Preferred process arrangements for practic- 
ing this invention will pass reactants in cross-flow to the heat 

40 exchange fluid. Cross-flow of reactants is generally pre- 
ferred to minimize the pressure drop associated with the 
flow of reactants through the reactor. For this reason, a 
cross-flow arrangement can be used to provide the reactants 
with a shorter flow path across the reaction zone. 

45 Effective use of the adjustment plate in a cross-flow 
arrangement of reactants and heat exchange fluids requires 
attention to pressure drop considerations. Changing the heat 
transfer along the path of the reactant stream requires a 
variation in the protrusions along a path transverse lo the 

50 flow of the heating medium. InCTgasins-the-siic or nu mber 
t^_ErotrusiOTis on one side of tHeheat excha nge chari nels^ 
increase heartransfer-can="increaie"tirc reSstancc lo flow 
through the same portion of the channel. Increased flow 
resistance and resulting pressure drop can redistribute fluid 

55 flow across the channel and redirect a greater flow of heat 
exchange fluid back to the portion of the heat exchange 
channels where less heating is desired. If not considered in 
the design of the channels or heal adjustment plate this 
increased flow will increase heal transfer and undo the effect 

60 of the increased proliusions. Accordingly in a cross-flow 
arrangement the protrusions should increase turbulence 
without adversely redistributing the flow of heat exchange 
fluid with increased pressure drop. Increasing turbulence 
independent of pressure drop may be accomplished by 

65 adjusting the shape and configuration of the protrusions. 
Heal transfer is effectively enhanced by using protrusions 
that direct the heat exchange fluid into impact with surfaces 
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of the channels and heat transfer plates, "nubulence and 
pressure drop may be decoupled by using protrusions that 
maximize the redireciion and impact of the heat exchange 
fluid with plate surfaces at one end of the heal exchange 
channel and using protrusion that maintain pressure drop 
without redirection at the other end of the channel. The 
incorporation of perforations in the protrusions provides 
another method of increasing turbulence and without raising 
pressure drop. 

The shorur flow path, particularly in the case of the 
reactant stream contacting heterogeneous catalysts, reduces 
overall pressure drop of the reactants as they pass through 
the reactor. Lower pressure drops can have a two-fold 
advantage in the processing of many 
Increased flow 

overall operating pressure of a process. In many cases, 
product yield or selectivity is favored by lower operating 
pressure so that minimizing pressure drop will also provide 
i greater yield of desired products. In addition, higher 



erogeneous catalysts that are typically retained within the 
reactant charmels by the corrugated plates and permeable 
^ ^mben that catalyst but p e rmif i hc fltWOf 

catalyst will comprise particulate material retained between 
the plates and the reactor may be arranged to permit the 
continuous addition and withdrawal of particulate material 
while the reactor is on stream. 
.The type and details of the reactor arrangements contem- 
I plated in the practice of this invention is best appreciated by 
a reference to the drawings. FIG. 1 is a schematic represen- 
tation of a catalytic reactor section 10 designed to effect a 
catalytic reaction on a reactant fluid while using indirect heat 
exchange with a heat transfer fluid to maintain favorable 



„ .ZZ^rZ:^^ hp 13 reaction temperatures as the reactant fluid flows through the 

pressure drop, can raise the , . . __. _, „ _,: 

^ r catalytic reaction secuon. The catalyuc reaction secaon 

comprises a stack of heal exchange plates 17 of the type 
represented in FIGS. 2 and 3. Each plate 17 is stacked in a 
spaced apart relationship next to adjacent plates 17 to form 
circulation systems, th e first one for a flow o f a re 



, ' . ■„ ..... . . r_ „,. 10 two circuiauon systems, tn e nrsi one lor a iiuw u j a leatuvc 

pressure drop raises the overall utility and cost of operaUng ^ ^^.^ second one for flow of heat exchange fluid 



a process. 

It is also not necessary to the practice of this ii 
each reactant channel contain only one heat adjustment 
plate. Possible configurations of the reaction section may 
place two or more heal adjustment plates within each 
reactant channel to offer greater control to turbulence within 
a channel. 

Additional embodiments, arrangements, and details of the 
invention are disclosed in the following detailed description 
of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 



WrWKenpresent a flow of catalyst 16 will also pass through 
the firsl circulation system. Together RGS. 1 through 3 
define a specific circulation system, wherein the reata iyc 
fluid and fxchanpe fluid res[)ectivelY, flow i n 

crosswise directions. L^e. perpendicular and th rough altemalc 
channeir" formed between aoiacent plates "!?. In FldTl. a 
reactanrfluid passes horizontally in the tiireclion indicated 
by arrows 12. The heat exchange fluid flows transversely to 
the reactant fluid in the direction indicated by arrows 14. 
Catalyst also passes through the reactant channels with the 
reactants in the direction and at a location indicated by 
arrows 16. FIG. 2 shows via a side view, the arrangement of 
FIG. l is a schematic representation of a catalytic reaction ^""^^^ h«jat exchange channels 18 and reactant channeU 
dion of this invention showing a preferred direction for 35 20 formed by the plurality of heal exchange plates 17. 

^ ^ Reactant channels 20 are open at the edge of the reactor to 

isolate the reactant channels from the heat exchange chan- 
nels. Where the reactant channels also contain a particulate 
catalyst material, a suitable screen covers the open sides of 
of FIG. 1 taken ^ reactant channels 20 to retain the catalyst. The sides of heat 
exchange channels 18 are sealed to confine the heat 
exchange fluid for vertical flow through the reaction section. 
FIG. 2 also shows the heat adjustment plate 11 as dashed line 
centered in the closed ofl' heal exchange channels. The heal 
exchange plates preferably define continuous channels for 
both the reactant and the heat exchange fluid over the length 
and width of the reaction section. The continuous heal 
exchange channels maintain the heal exchange fluid in 
contact with the heat adjustment plaic over the length of the 

The same alternate arrangement of heat exchange chan- 
nels and reactant channels is shown in FIG. 3. As indicated 
by FIG. 3, the outer ends 19 of the heat exchange channels 
18 are open to admit fluid into the heal exchange channels. 
The outer section 24 of reactant channels 20 are closed ofl' 
to keep the heal exchange fluid oui of the reactant channels. 
A partition 21 separates the central portion of heat exchange 
and reactant channels from the outer ends. Inside partition 
21 the central portion of heat exchange channels 18 arc 
manner that closed to fluid flow. Closing the center of heal exchange 
channels 18 permits the center scaion of the reaction section 
The process and reactor arrangement may use homoge- to receive a particulate catalyst and distribute the catalyst to 
neous or heterogeneous catalysts. Homogeneous catalyst the open central portion 20 of reactant channels 20. Thus, 
will typically comprise liquid catalysts that flow through catalyst passing vertically through the rcacianl channels 
reaction channels along with the reactants and are separated 55 enters the reaction section through the central portion 22 of 
for recovery and recycle outside of the reaction zone. This the reactant channels. The vcnically flowing reactants and 
reactor arrangemeni provides particular benefits with het- catalyst exit the reaction section through a similar arrangc- 



seclion 

the circulation of fluids and catalyst. 

FIG. 2 is a side view of the catalytic reaction section taken 
along lines 2—2 of FIG. 1. 

FIG. 3 is a top view of the reactor 
along lines 3 — 3. 

FIG. 4 is a section of the reaction system shown in FIG. 
1 taken along line 4 — 4 of FIG, 3. 

FIG. 5 is a section of a heat adjustment plate of this 



FIG. 6 is a section of the channels formed by corrugated 
plates containing the heat adjustment plate of this invention. 

FIG. 7 is a perspective view of the channels and heat 
adjustment plate shown in FIG. 6. 



By its very design, the reactor according 
has the advantage of maintaining, with simple means, 
desired temperature profiles including isothermal or reverse 
gradient temperature conditions during the flow of the 
reactive fluid in the reactor, by means of a heat transfer 
medium. This invention aids in the effective use of calalytii 
materials by controlling temperatures in 
enhances performance of the catalytic reaci 
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ment al the bottom of the reaction section. As shown in FIG. 
4, central portion 22 of the reactant channels distributes 
catalyst to a series of bafSes 26 that distribute the catalyst to 
the reactant channels. A series of baffles 28 at the bottom of 
reaction section 10 channel catalyst to a central portion 23 3 
of the reactant channels for the withdrawal of catalyst from 
reaction section 10. 

As depicted in FIG. 4, plates 17 preferably have a 
coirugaied surface creating peaks 30 and valleys 32 that 
separate reactant channels 22 as well as heat exchange 
channels 18 into subchannels. In a yet further preferred form 
of this invention, the corrugations of plate 17 may have a 
varied pitch that further alters heat transfer coefficients down 
the length of the reactor to provide additional adjustment in 
the degree of heating or cooling provided by the indirect heat '5 
exchange. 

Suitable heat exchange plates for this invention will 
comprise any plates allowing a high heat transfer rate and 
which are easily secured into a reaction section in a stable 
configuration that readily retains the heat transfer adjustment ^ 
plate. The plates may be formed into curves or other 
configurations, but flat plates arc generally preferred for 
stacking purposes. Thin plates are preferred and typically 
have a thickness of from 1 to 2 mm. The plates are typically 
composed ferrous or non-ferrous alloys such as stainless ^ 

As depicted in FIG. 4 the preferred form of the invention 
will a corrugated plate arrangement. The corrugated plates 
are particularly useful in positioning the heat adjustment ^ 
plate. Adjacent corrugations arc arranged in an alternating 
pattern so that the peaks of the corrugations contact where 
the corrugation patterns cross to maintain the spacing 
between the plates and define an intersecting pattern of 
diagonal channels. In this manner the general herring bone 
pattern on the faces of opposing corrugated plates will 
extend in opposite directions and the opposing plate faces 
may be placed in contact with each other to form the flow 
channels and provide structural support to the plate sections. 

As shown in FIG. 4 the corrugations may be varied to 40 
effect further control of the heat transfer coefficient between 
the across the heat exchange plates. The variation in the 
pitch of the corrugations hjrther assists in maintaining a 
desired temperature profile through the reaction section. The 
plate arrangement of FIG. 4 leprescnls a typical corrugation 45 
pattern for an exothermic or endothermic process. At the 
upper inlet end the pitch angle of the corrugations is small, 
i.e. the principle direction of the corrugations approach a 
parallel alignment with the heat exchange fluid flow. At the 
lower end of the plate where the heat exchange fluid exili, 50 
the pilch angle of the corrugations is wide to increase 
relative heat transfer, i.e. the principle direction of the 
coiTugations approach a perpendicular or transverse align- 
ment with respect to the heal exchange fluid flow. Corruga- 
. lion pilch angles can be in a range of from greater than 0° 55 
to less than 90° degrees. Typically the corrugation pitch 
angle from an inlet to an outlet section of a plate will range 
from about 10° to 80°, and more typically in a range of about 
1 5° to 60°. In a particularly preferred arrangement, the plates 
will make an angle of less than 30° at the inlet end of the 50 
plate and an angle of more than 33° at the outlet end of the 
plate. The varying corrugations may be formed in a con- 
tinuous plaie section or the plate section of the type shown 
in FIG. 4 may be made from several plates having corru- 
gations at different pitch angles. 

Preferably the reactant channels in which the reactant 
fluid circulates, includes a heterogenous catalyst in the form 
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of particles. The catalyst particles typically comprise grains 
of a small size. The particles may take on any kind of shape, 
but usually comprise small spheres or cylinders. 

When flowing through reactant channels 20, the reactant 
fluid undergoes a catalytic reaction accompanied by a lib- 
eration or an absorption of heat The function of the heat 
exchange fluid circulating in the heat exchange channels is 
to convey the heat to be added to or removed from the 
reactant fluid, in order to maintain favorable reaction con- 
ditions. Such conditions can again include isothermal con- 
ditions during the circulation of the afore-mentioned reac- 
tive fluid in the catalytic reactor or a reverse temperature 
gradient. The heat exchange fluid is either a gas or a liquid, 
depending on the specific operating conditions of each 

The specific heat transfer relauonship for the plate 
exchange is established by the fundamental equation 
expressing heat transfer between two fluids. This relation- 
ship is as follows: 

p=hxSxUlTD 

where: 

P is the amount of heat exchanged, h is the local or overall 
heat transfer coe£Scienl, S is the heal exchange area between 
fluids, and LMTD is the logarithmic mean temperature 
difi'erence. 

The logarithmic mean temperature difference is readily 
determined by the desired temperature difference at any 
point along the plaic. 

For a series of corrugated plates defining altemate chan- 
nels of catalyst particles and heat exchanger fluid, the local 
or overall heat transfer coefficient can be calculated by using 
the following equation: 

h~fia.e.df>) 

where a is the pitch angle of the corrugations, e is ihe 
distance between two plates 17, and dp is the equivalent 
diameter of catalyst particles. 

Appropriate values of h can be established by modeling or 
computed using known correlations for establishing heat 
transfer cocfBcients over corrugated surfaces and, where 
present, through particle beds. Correlations for localized 
heat transfer through particle beds may be found in Leva, 
Ind. Eng. Chem., 42. 2498 (1950). Correlations for heal 
transfer along corrugations arc presented in AIChE Sympo- 
sium Scries No. 295 Vol. 89 Heal Transfer Adanta (1993), 

The area of exchange between the reactive fluid and the 
auxiliary fluid can be calculated by using the equation: 

S=(Xny./xL 

where: 6 is a correction factor for the elongation of the plates 
resulting from the corrugations, n is the number of plates in 
contact with both healing and reactant fluids, 1 is the plate 
width, and L is the plate length. 

By varying the number of plates and Ihe characteristics of 
the corrugations, especially the pitch angle of the corruga- 
tions, the corrugations provide means for maintaining 
desired temperature conditions in the reactant fluid flow 
direclion. 

In addition to control of heat transfer coefficients offered 
by the heal exchange plates, the primary mechanism laught 
by this invention for controlling heal transfer between the 
heat transfer channels and the reactant channels is the heal 
transfer adjustment plate 11. The function of the heat trans- 
fer adjustment plate is to vary the turbulence of the heal 
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exchange fluid passing through the heat transfer channels. 
The plate is formed or retains clemenu on iu surface that are 
irregular in shape and induce the desired degree of turbu- 
lence at specific locations in the heat transfer channels. The 
configuration of the iiregularities for inducing turbulence 3 
can take on a variety of different shapes. Typically, the 
irregularities will be in the form of protrusions that will 
project outwardly from the plate into the flow path of the 
heat exchange fluid. As the heat exchange fluid contacts the 
projecting protrusions, turbulence is raised and heat transfer 10 
between the fluid and the surface of the heat transfer plate is 
increased. The change in the heat transfer coefficient at a 
given location of the channels by the increased degree of 
turbulence is readily calculated by methods well known to 
those skilled in the art. Accordingly, the variation in the heat is 
transfer coefficient achieved by the pattern of surface irregu- 
larities on the heat transfer adjustment plate can be readily 
calculated or determined experimentally. 

In a preferred form of the invention, the surface irregu- 
larities^are formed by punching laterally^extendmgnaBffrom- 20 
the^eat~adjirstment.plate_„materifl'and bending thatabs into 
the flow path of the heal exchange fluid. HGtS^^hows a heat 
adjustment plate 11 from which taSs 34'^have been bent 
outwardly. Adjustment of the turbulence induced by the tabs 
can be varied by changing the projection of the tabs into the 25 
flow path of the heal exchange fluid or increasing the 
number of tabs in portions of the heat exchange channels 
where additional heat transfer is desired. 

FIG. 6 depicts a typical cross-section of a corrugated heat 
exchange channel containing a heal adjustment plate of the 30 
type depicted in FIG. 5. The conugation peaks of heat 
exchange plate 17 retains heat adjustment plate 11 in a 
sandwich configuration. Heat adjustment plate 11 generally 
crosses through the center of heat adjustment channels 18. 
Heat adjustment tabs 34 occupy a central portion of the heat 35 
adjustment channel 18. Preferably heat adjustment tabs 34 
will not coniaa the heat adjustment plate 17. Suitable heat 
adjustment plates can have an imperforate surface to prevent 
exchange of heat transfer fluid across the heat adjustment 
plate. Preferably, the heal adjustment plate will have perfo- 40 
rations associated with the protrusions to permit passage of 
the heal exchange fluid across the heat adjustment plate. 
FIG. € also shows a preferred form for the tabs where 
alternate tabs project away from opposite sides of heat 
adjustment plate 11. FIG. 7 depicts a three dimensional 45 
arrangement of the channels and heat adjustment plate 
shown in HG. 6. 

Heat adjustment plate 11 will preferably comprise a thin 
plate having a thickness similar to that of the heat transfer 
plates. The heal adjustment plate operates in two ways to 50 
provide additional heal transfer across the heat exchange 
plates. Increased turbulence from the protrusions on the heat 
adjustment plate will indirectly increase heat transfer 
between the heat transfer fluid and the heat transfer plate. In 
addition, heat and adjustment plate 11 provides an additional 55 
surface for direct conduction of heat from the heat transfer 
fluid to the adjustment plate and from the adjustment plate 
to the points of contact with the heat transfer plates. 

This invention may be particularly useful in many hydro- 
carbon conversion processes. Catalytic reforming is one 60 
such well established hydrocaibon conversion process 
employed in the petroleum refining industry for improving 
the octane quality of hydrocarbon feedstocks, the primary 
product of reforming being motor gasoline. The art of 
catalytic reforming is well known and does not require 65 
extensive description herein. Briefly, in catalytic reforming, 
a feedstock is admixed with a recycle stream comprising 
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hydrogen and contacted with catalyst in a reaction zone. The 
usual feedstock for catalytic reforming is a petroleum frac- 
tion known as naphtha and having an initial boiling point of 
about 180°F. (80° C.) and an end boiling point of about 400° 
F. (205° C.). The catalytic reforming process is particularly 
applicable to the treatment of straight run gasoline com- 
prised of relatively large concentrations of naphthenic and 
substantially straight chain parafSnic hydrocarbons, which 
are subject to aromatization through dehydrogcnation and^or 
cyclization reactions. Reforming may be defined as the total 
effect produced by alehydrogenation of cyclohexanes and 
dehydroisomerization of alkylcyclopentanes to yield aio- 
matics, alehydrogenation of paraffins to yield olefins, dehy- 
drocyclization of paraffins and olefins to yield arotnatics, 
isomerization of n- paraffins, isomerization of alkylcyclopar- 
affins to yield cyclohexanes, isomerizalion of substituted 
aromatics, and hydrocracking of paraffins. Further informa- 
tion on reforming processes may be found in, for example, 
U.S. Pat. No. 4.119,526 (Peters el al.); 4,409,095 (Peters); 
and 4,440,626 (Winter et al), the contents of which are 
herein incorporated by reference. 

A catalytic reforming reaction is normally effected in the 
presence of catalyst particles comprised of one or more 
Group VIll noble metals (e.g., platinum, iridium, rhodium, 
palladium) and a halogen combined with a porous carrier, 
such as a refractory inorganic oxide. The halogen is nor- 
mally chlorine. Alumina is a commonly used carrier. The 
preferred alumina materials are known as the gamma, eta 
and the Iheta alumina with gamma and eta alumina giving 
the best results. An important property related to the per- 
formance of the catalyst is the surface area of the carrier. 
Preferably, the carrier will have a surface area of from 100 
to about 500 m^/g. The particles are usually spheroidal and 
have a diameter of from about '/i«th to about Vith inch 
(1 .5-3. 1 mm), though they may be as large as Vilh inch (6.35 
mm). A preferred catalyst particle diameter is '/i6th inch (3.1 
mm). During the course of a reforming reaction, calalyst 
particles become deactivated as a result of mechanisms such 
as the deposidon of coke on the particles; that is, after a 
period of time in use, the ability of catalyst particles to 
promote reforming reactions decreases to the point that the 
catalyst is no longer useful. The catalyst must be recondi- 
tioned, or regenerated, before it can be reused in a reforming 

In preferred form, the reforming operation will employ a 
moving bed reaction zone and regeneration zone. The 
present invention is applicable to moving bed and fixed bed 
zones. In a moving beid operation, fresh catalyst particles are 
fed to a reaction zone by gravity. Calalyst is withdrawn from 
the bottom of the reaction zone and transported to a regen- 
eration zone where a multi-slcp regeneration process is used 
to recondition the catalyst to restore ils full reaction pro- 
modng ability. Catalyst flows by gravity through the various 
regeneration steps and then is withdrawn from the regen- 
eration zone and furnished to the reaction zone. Movement 
of catalyst through the zones is often referred to as continu- 
ous though, in practice, it is scmicontinuous. By semi- 
continuous movement is meant the repeated transfer of 
relatively small amounts of catalyst at closely spaced points 
in time. A moving bed system has the advantage of main- 
taining production while the calalyst is removed or replaced. 

Another preferred hydrocarbon conversion process is the 
alkylation of aromatic hydrocarbons. In aromatic alkylation 
suitable aromatic feed hydrocarbons for this invention 
include various aromatic substrates. Such substrates can be 
benzene or alkylated aromatic hydrocarbons such as toluene. 
The acyclic feed hydrocarbon or alkylating agent that may 
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be used in ihe alkylalion reaction zone also encompasses a 
broad range of hydrocarbons. Suitable alkylating agents 
include monoolefins. diolefins, polyolefins, acetylenic 
hydrocarbons and other substituted hydrocarbons but arc 
preferably C3-C4 hydrocarbons. In the most preferred form 5 
of this invention, the alkylation agent will comprise Cj-C^ 
monoolefins. 

A wide variety of catalysts can be used in the alkylation 
reaction zone. The preferred catalyst for use in this invention 
is a zeolite catalyst. The catalyst of this invention will 10 
usually be used in combination with a refractory inorganic 
oxide binder. Preferred binders are alumina or silica. Pre- 
ferred alkylation catalysts are a type Y zeolite having an 
alumina or silica binder or a beta zeolite having an alumina 
or silica binder. The zeolite will be present in an amount of 15 
ai least 50 wt. % of the catalyst and more preferably in an 
amount of at least 70 wt. % of the catalyst. 

The alkylation reaction zone can operate under a broad 
range of operating conditions. Temperatures usually range 
from 100° C. to 325° C. with the range of about 150°-275° 20 
C. being preferred. Pressures can also vary within a wide 
range of about 1 atmosphere to 130 atmospheres. Since 
liquid phase conditions are generally preferred within the 
reaction zone, the pres&tire should be sufficient to maintain 
the reactants in such phase and will typically fall in a range 25 
of from 10 to 50 atmospheres. Reactants generally pass 
through the alkylation zone at a mass flow rate suflBcient to 
yield a liquid hourly space velocity from 0.5 to 50 hrs"' and 
especially from about 1 to lOhrs"'. 

The alkylation zone is ordinarily operated to obtain an 30 
essentially complete conversion of the alkylating agent to 
monoalkylate and polyalkylate. To achieve this effect, addi- 
tional aromatic substrate will usually be charged to the 
reaction zone. Thus, the feed mixtures are introduced into 
the reaction zone at a constant rate and a molecular ratio of 35 
about 1:1 to 20:1 aromatic substrate to alkylating agent with 
a ration of about 2:1 to 10:1 being preferred. As a result, in 
addition to product there will usually be a substantial 
amount ofunreacted aromatic substrate that is removed with 
the product stream from the alkylation reaction zone. Addi- 40 
tional details of aromatic alkylation processes can be found 
in U.S. Pat. No. 5,177,285, the contents of which are hereby 
incorporated by reference. 

Catalytic dehydrogenation is another example of an 
endothermic process that advantageously uses the process 45 
and apparatus of this invention. Briefly, in catalytic dehy- 
drogenation, a feedstock is admixed with a recycle stream 
comprising hydrogen and contacted with catalyst in a reac- 
tion zone. Feedstocks for catalytic dehydrogenation are 
typically petroleum fractions comprising paraffins having 50 
from about 3 to about 1 8 carbon atoms. Particular feedstocks 
will usually contain light or heavy paraffins. For example a 
usual feedstock for producing a heavy dehydrogenation 
products will comprise paralEns having 10 or more carbon 
atoms. The catalytic dehydrogenation process is particularly 55 
applicable to the treatment of hydrocarbon feedstocks con- 
taining substantially parafEiiic hydrocarbons which arc sub- 
ject to dehydrogenation reactions to thereby form olefinic 
hydrocarbon compounds. 

A catalytic dehydrogenation reaction is normally effected 60 
in the presence of catalyst particles comprised of one or 
more Group VIII noble metals (e.g., platinum, iridium, 
rhodium, palladium) combined with a porous carrier, such as 
a refractory inorganic oxide. Alumina is a commonly used 
carrier. The preferred alumina materials are known as the 65 
gamma, eta and theta alumina with gamma and eta alumina 
giving the best rcauUs. Preferably, the carrier will have a 
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surface area of from 1 00 to about 500 mVg. The particles are 
usually spheroidal and have a diameter of from about '/leth 
to about l/_th inch (1.5-3.1 mm), though they may be as 
large as Uth inch (6.35 mm). Generally, the catalyst particles 
have a chloride concentration of between 0.5 and 3 weight 
percent. During the course of a alehydrogcnation reaction, 
catalyst particles also become deactivated as a result of coke 
deposidon and require regeneration, similar to that described 
in conjunction with the reforming process; therefore, in 
preferred form, the dehydrogenation process will again 
employ a moving bed reaction zone and regeneration zone. 

Dehydrogenation conditions include a temperature of 
from about 400° to about 900° C, a pressure of from about 
0.01 to 10 atmospheres and a liquid hourly space velocity 
(LHSV) of from about 0.1 to 100 hr~'. Generally, for normal 
parafBns, the lower the molecular weight the higher the 
temperature required for comparable conversions. The pres- 
sure in the dehydrogenation zone is maintained as low as 
practicable, consistent with equipment limitations, to maxi- 
mize the chemical equilibrium advantages. The preferred 
alehydrogenation conditions of the process of this invention 
include a temperature of from about 400°-700° C, a pres- 
sure from about 0.1 to 5 atmospheres, and a liquid hourly 
space velocity of from about 0.1 to 100 hr~'. 

The effluent stream from the dehydrogenation zone gen- 
erally will contain unconverted dehydrogenaiable hydrocar- 
bons, hydrogen and the products of dehydrogenation reac- 
tions. This eSluenl stream is typically cooled and passed to 
a hydrogen separation zone to separate a hydrogen-rich 
vapor phase from a hydrocarbon-rich liquid phase. Gener- 
ally, the hydrocarbon-rich liquid phase is further separated 
by means of either a suitable selective adsorbent, a selective 
solvent, a selective reaction or reactions or by means of a 
suitable fractionation scheme. Unconverted dehydrogenat- 
able hydrocarbons are recovered and may be recycled to the 
alehydrogenation zone. Products of the alehydrogenation 
reactions are recovered as final products or as intermediate 
products in the preparation of other compounds. 

The dehydrogenatable hydrocarbons may be admixed 
with a diluent gas before, while, or afler being passed to the 
dehydrogenation zone. The diluent material may be hydro- 
gen, steam, methane, carbon dioxide, nitrogen, argon and the 
like or a mixture thereof. Hydrogen is the preferred diluent. 
Ordinarily, when a diluent gas is utilized as the diluent, it is 
utilized in amounts sufficient to ensure a diluent gas to 
hydrocarbon mole ratio of about O.l to about 20, with best 
results being obtained when the mole ratio range is about 0.5 
to 10. The diluent hydrogen stream passed to the alehydro- 
genation zone will typically be recycled hydrogen separated 
from the effluent from the dehydrogenation zone in the 
hydrogen separation zone. 

Water or a material which decomposes at dehydrogena- 
tion conditions to form water such as an alcohol, aldehyde, 
ether or ketone, for example, may be added to the dehydro- 
genation zone, cither continuously or intermittently, in an 
amount to provide, calculated on the basis of equivalent 
water, about 1 to about 20,000 weight ppm of the hydro- 
carbon feed stream. About 1 to about 10,000 weight ppm of 
water addition gives best results when dchydrogenaling 
paraffins having from 6 to 30 more carbon atoms. Additional 
information related to the operation of alehydrogenation 
catalysts, operating conditions, and process arrangements 
can be found in U.S. Pat. Nos. 4,677,237; 4,880,764 and 
5,087,792, the contents of which arc hereby incorporated by 
reference. 
What is claimed is: 

1. A reactor for controlling temperature profiles in a 
reaction zone, said reactor comprising: 
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a plurality of spaced apart heat exchange plates with each 
plate having an extended length and defining a bound- 
ary of a heat c:<change flow channel on one side of said 
plate and a boundary of a reaction flow channel on an 
opposite side of said plate and each plate defining 
corrugations; 

means for passing a reaction fluid through a plurality of 
said reaction flow channels defined by said plates along 
a first flow path; 

means for passing a heat exchange fluid through a plu- 
rality of said heat exchange channels defined by said 
plates along a second flow path; and, 

a heat adjustment plate sandwiched between said corru- 
gations in said heat exchange channels said heat adjust- 
ment plate defining a plurality of protrusions that 
project Into said heat exchange channels, said protru- 
sions having an area of projection into said heat 
exchange flow channels that varies over the length of 
said heat adjustment plate to produce varied turbulence 
across said channels. 

2. The reactor of claim 1 wherein said first flow path is 
perpendicular to said second flow path. 

3. The reactor of claim 1 wherein said heat adjustment 
plate is discontinuous and comprises a first plate section 
having a greater area of protrusion projection than a second 

4. The reactor of claim 1 wherein said heat adjustment 
plate is continuous and the area said protrusions increases 
along one direction of said plate. 

5. The reactor of claim 1 wherein the projecdon area of 
said protrusions varies by varying the number of protru- 

6. The reactor of claim 1 wherein the projection area of 
said protrusions varies by varying size of said protrusions. 

7. The reactor of claim 1 wherein said heat adjustment 
plate is perforated. 

8. The reactor of claim 7 wherein said protrusions com- 
prise bent tabs punched from said heat adjustment plate. 

9. The reactor of claim 1 wherein said protrusion are on 
both sides of said plate. 
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10. The reactor of claim 1 wherein said reactor includes 
means for retaining catalyst in said reaction flow channels. 

11. A process for controlling the temperature of a reactant 
stream in a chemical reaction by indirect heat exchange with 

5 a heat exchange fluid across a multiplicity of plate elements, 
said process comprising: 

a) passing a heat exchange fluid from a heat exchange 
inlet to a heal exchange outlet through a first set of 
elongated channels formed by a first side of a plurality 
of heat exchange plates; 

b) passing a reactant stream from a reactant inlet to a 
reactant outlet through a second set of channels formed 
by a second side of said heat exchange plates; 

'5 c) exchanging heat between said heat exchange fluid and 
said reactant stream by contacting said heal exchange 
fluid with corrugations formed by said heal exchange 
plates; and, 

20 d) contacting said heat exchange fluid in said heal 
exchange channels with a heal adjustment plate con- 
taining a plurality of protrusions to vary the heat 
transfer coeflScient within said heat transfer channels. 

12. The process of claim 11 wherein said reactor retains 
^ a heterogeneous catalyst between said heat transfer plates. 

13. The process of claim 11 wherein said heal exchange 
fluid is passed through said heat transfer plates in a trans- 
verse flow path relative to said reai:tani stream. 

14. The process of claim 11 wherein said protrusions 
^ increase in number through said heat exchange channel. 

15. The process of claim 11 wherein said reactant stream 
comprises hydrocarbons. 

16. The process of claim 11 wherein the average tem- 
perature of the reactant stream at the reactant inlet is within 

J J 10° F. of the average temperature of the reactant stream at 
the reactant outlet. 

17. The process of claim 15 wherein said catalytic reac- 
tion is a reforming reaction, aromatiaation reaction or an 
aromatic alkylation reaction. 
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(57] ABSTRACT 

in the process for suMbnation by contacting a falling 
thin film stream of organic compound with a stream of 
SOa-inert gas in parallel, an improved process for iso- 
thermal sulfonation producing sulfonates of high qual- 
ity, which comprises making a SOa-containing cooling 
gas (wherein the SO3 content is i to 20 wt.% relative 
to the whole amount of SO3 to be employed) in the 
amount of about 2 to 12 times (by volume) as much 
as the total amount of said stream of SOs-inert gas 
flow in parallel between said falling thin film stream of 
organic compound and said stream of SOg-inert gas. 

2 Claims, No Drawings 
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ISOTHERMAL SULFONATION PROCESS 
BACKGROUND OF THE INVENTION 

a. Field of the Invention 

The present invention relates to an improvement of 
the process for suKonation by contacting a falling thin 
film stream of organic compound with a stream of SO3- 
inert gas in parallel. The term 'sulfonation' herein 
means the so-called sulfonation and sulfation. 

b. Description of the Prior Art 

The known^processes of sdfqnatipnj.'ary^dsp.e^ 
^onlfierpfoperti'e¥ahl3'sti^^^ of hydrocarbon,.etejo_ 
"be subjected'to sulfonation'as well £B the kinds of^rti: 



rate, by making it possible to raise the reaction temper- 
ature to a desired temperature immediately after the 
start of the reaction without said peak of temperature. 
Another object of the present invention is to provide 
5 an isothermal sulfonation process capable of reducing 
the generation of mist within the waste gas. 

A further object of the present invention is to provide 
an isothermal sulfonation process capable of prevent- 
ing adhesion of the product to the inside of the sulfo- 
10 nator even in the case of employing a organic material 
having a relatively high melting point. 

The word 'immediately' herein signifies the time nec- 
essary for the reactant flowing to the extent of less than 
- about 7% of the full length of the reaction zone from 



cles to be manufactured therefrom.^Siid sulfonation by »S the point of contact (the period of this time is practi 



the use of sulfur trioxide is one of the typical means. 
This sulftir trioxide can theoretically complete the ad- 
dition reaction rapidly and quantitatively, so that it is a 
very effective sulfonating agent and has been generally 



cally immeasurable, but is presumed to be 5% or there- 
abouts relative to the total reaction time). 

The present invention relates to an isothermal sulfo- 
nation process as an improvement in the process for 



utilized for thb purpose. But. sulfur trioxide, when em- 20 sulfonation by flowing downwardly a thin film stream 
- ' ' of organic compound together with a stream of bOs- 

inert gas, causing said streams to run in parallel, char- 
acterized in that a SOj-containing cooling gas (wherein 
the SO3 content is 1 to 20 wt.% relative to the whole 
amount of SO3 used) in the amount of about 2 to 1 2 
times (by volume) as much as the total volume of said 
stream of SOj-inert gas, is introduced in parallel be- 
tween said thin film stream of organic compound and 
said stream of SOa-inert gas. 



ployed as it is, will generate extreme heat resulting in 
various side reactions, and, therefore, diluting it with 
air or an inert gas prior to application thereof has been 
widely practiced. ' 1, 

Even in the case of applicaUon of SO3 gas diluted 25 amount of SO3 used) 
with an inert gas, however, the velocity of sulfonation is 
so high that the greater part of sulfonation is accom- 
plished at the early stage of reaction, and as this reac- 
tion is a strong exothermic reaction, there occurs a 



lion IS a suuilg CAUiiiciiim. i&ai.uuii, iiiw.w vjw..-..^ " , c c-t 

peak of temperature at the early stage of reaction, 30 The^present met hod is applicabletg^any^type of filmr 

*^ ■ .. .- . ■ J..-. sulfonation ^ppaiSt^luclTS^double-cyhndertyp flat 

platr^pj,^^as welJias onfe-conibining a plurality 
thefMf., ... 

w.u. U.V »v,.^6«...6 — ' e r the starting organic compound to be sulfonated, 

prevemthe occurrence ofthe peak of temper- 35 various olefins (namely, a-olefin, inner olefin and 
r -, , , . i_ - ; » 1 ...»,,:.^,,..K, «r;«,i,iMan£i_tun«» Alpfin 1 hnvino 8 tfi 30 carbon atoms. 



causing side reactions, discoloring of the product, low- 
ering of the conversion rate and generation of the mist 
within the waste gas. 
To cope with the foregoing disadvantages and partic 



vinylidene-type olefin) having 8 to 30 carbon a 
alkyl benzene having 8 to 15 carbon atoms, aliphatic 
alcohol having 8 to 24 carbon atoms, alkyline oxide de- 

»ui..i m. ... ...^ ~ ~ J rivatives of aliphatic alcohol having 8 to 22 carbon 

much as the total amount of SOj-inert gas 40 atoms, alkylene oxide derivatives of alkyl phenol hav- 
ing 8 to 1 5 carbon atoms, etc. are applicable. These or- 
ganic compounds are employed in the form of a falling 

T. . . . * « *U ««f o* *ha 



ature as described above, the inventors have previously 
proposed in German patent publication OLS- 
2,138,038 a process comprising introducing an inert 
cooling gas such as air in the amount of 2 to 12 times by 
volume as much a; 

between a thin film stream of the organic material and 
a stream of SOj-inert gas in parallel therewith.^Accord- 



ins to this prior proces"s, though progress of thesffioniF stream, and the temperature thereof a 

tion reaction-can HFcontrolled to a considerable extent time of being introduced into the reaction zone is usu- 

by-virtue-of-the diffuii^aTTd 'peVmeati^^diffusion 45 ally in the range of 10° to 45°C. though it vanes with 

development of-SOrgasimo'the'reaction mixtui-e eii- the kind of organic material. 

teringth-evelodty cwtroliing step, the reaction at the As for the cooling gas employed for the SO,-contam- 
eariy stage is so slow that it takes time, even though a ing cooling gas, it can be either identical with or differ- 
relatively small amount, for the material introduced ent from the gas used in said SOj-inert gas stream as 
into the reaction zone to attain the desired tempera- 50 long as it is an inert gas, and the apphcable gases in- 
ture and it has been impossible to obtain satisfactory eludes, for instance, air, nitrogen and carbon dioxide 
effects also in respect of the color of the product, the gas. The content of SOj in this SOj-contaimng cooling 
conversion rate and the generation of by-products. Es- gas is in the range of 1 to 20 wt.%-preferably 3 to 15 
pecially in the case of employing an a-olefin as the or- wt.%-relative to the whole amount of SO3 employed, 
ganic starting material, there has been observed a ten- 55 However, when said SO3 content is less than I wt.%, 
dency for 2-hydroxy alkane sulfonate to occur, which is the thin film stream of the reacting matenal unmedi- 
an undesirable by-product in respect to detergents. ately after the start of reaction fails to attain the desired 
Further in the case of a organic material having a rela- temperature while when said SO3 content is more than 
lively high melting point, it has been accompanied by 20 wt.%, occurrence of the peak of the rise in tempera- 
such difficulty that a portion of the organic material 60 ture as mentioned above is un-avoidable, caused by 
would become solidified and addhere to the inside wall over sulfonation; so that both cases are undesirable, 
surface of the sulfonator. On the other hand, the concentration of SO3 gas per 

se in the SOj-containing cooling gas is in the range of 

SUMMARY OF THE INVENTION ^bout 0.0 1 to 2% by volume-preferably in the range of 

One object of the present invention is to eliminate 63 about 0.02 to 1% by volume, but is not particularly lim- 

the foregoing defects in the prior art arid to provide a ited. This SOa-containing cooling gas is introduced into 

process which provides a sulfonated product free from the reaction zone to the extent of about 2 to 12 times 

discoloring and from by-products, at a high conversion by volume-preferably about 2 to 7 times by volume-as 



"05/20/2003, EAST Version: 1.03.0002" 



3,925,441 



much as the total amount of the SOrinert gas em- 
ployed, at a temperature of about 10° to 40°C and at a 
velocity substantially the same to about 1/1.4 times as 
much as that of the stream of SOa-inert gas. In the case 
of the amount of SOa-containing cooling gas is less than ^ 
about 2 times as much as the total amount of said SOj- 
ineri gas, occurrence of the peak of rise in tempera- 
tures as mentioned above is un-avoidable, so that the 
initially intended isothermal sulfonation reaction fails 
to occur, while if the amount of said cooling gas is more 
than about 1 2 times as much as the total amount of said 
SOj-inert gas, the contact of the organic material and 
SOj at a desired position is insufficient, so that such dis- 
advantages as retardation of reaction, etc. are caused. ^ 

As for the SOa-containing inert gas for use in the 
present invention, any of the conventional ones is ap- 
pHcable. To be precise, the concentration of SO3 
therein is in the range of about 3 to 1 5% by volume, the 
velocity for introducing it into the reaction zone is in 
the range of about 20 to 100 m/sec — preferably about 
30 to 80 m/sec, and the temperature thereof at the time 
of being introduced into the reaction zone is in the 
range of 20° to 50°C. 

According to the process of the present invention, 2s 
the sulfonation reaction is so advantageously effected 
that occurrence of undesirable side reactions, genera- 
tion of coloring matters therein can be controlled, re- 
sulting in a product of high quality. Besides, as the 
chance of the product getting colored is minimized, the 30 
bleaching process in the after-treatment can be dis- 
pensed with. Further, as the present invention renders 
the reaction surface of the film, of the reactant regula- 
ble, generation of mist is markedly decreased, and the 
reaction can be efficiently effected, thereby achieving 35 
not only an increase in yield but also economy of the 
sulfonating agent. Moreover, the effect of reducing the 
mist within the waste gas is highly contributive to the 
prevention of air pollution. Therefore, the industrial 
merits of the present invention are tremendous. 40 

Hereunder are given some examples embodying the 
present invention. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 45 
EXAMPLE 1. 

a-olefm (Cis-is) obtained through wax cracking was 
employed as the organic material and it was made into 
a film stream by use of a falling thin film type sulfonator 
(length of reaction zone: 2 m) cooled with a cooling 
water at 20°C and contacted with a stream of SOs-air 
and a stream of SOa-containing cooling air flowing par- 
allel thereto under the following conditions, to effect 
the reaction. 55 

In this case, the velocity of the stream of SOg-con- 
taining cooling air was set to be about the same as that 
of the stream of SOa-air, and the desired reaction tem- 
perature (namely, the temperature of thin film at vari- 
3us places inside the apparatus as measured with a gQ 
thermocouple having the outside diameter of 0.2 mm) 
*as set at 50°C when the feed rate of organic material 
kvas 140 Kg/m.hr and at 60°C when said feed was 250 
Kg/m.hr. The molar ratio of SO3 (relative to the start- 
ing material) was set at 1. 14. 55 



4 

-continued 



The amount of SO3 for use in SOrContaining cooling 
air was set to be 5 wt.% relative to the whole amount of 
SO3 employed. 



Kg/m.hr) 0.85 



Further, for the purpose of comparison, a similar re- 
action was effected by a stream of cooling air not con- 
taining SO3 (hereinafter called 'cooling air stream* for 
short) instead of said stream of SOa-containing cooling 



Conditions for comparM 



The measured temperature of the thin film stream of 
the reactant was as shown in Table 1 . 



and SOrfeeding 



The properties (after neutralization and hydrolysis) 
of the olefin sulfonate obtained in the sulfonation test 
in the case of feeding the material at the rate of 
140°Kg/m.hr* were as shown in Table 2. 
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Table 2 
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Table 4 



(petroleum ether extract) 
(active basis) (wl.«) 
Coloring (5% concentration 
(Absorbance (or light of 
absorption): 10 mm cell. 

Content of disulfonate 
(active basis) (wt.%) 
Condition when dissolved 
in v,atet {25°C) 



SOj-feeding nozile CO 
unreacted oil content 
(petroleum ether extrac 
(active basis) (wt.%) 
10 coloring (5% concentra 
(absorbance : 10 mm o 



(active basis) (wt.%) 
condition when dissolvei 
:r(25»C) 



EXAMPLE 2. 
Sulfonation was effected by applying the same proce- 
dures as in Example 1 (including the comparative ex- 
ample; the same applies hereinafter down to Example 
6) except for the following modification of the condi- 
tions. The result was shown in Table 3. 
material; a-olefin having 16 carbon atoms as ob- 
tained through Ziegler's method (or process) 
stream of SOj-air: concentration SOj gas = 7.6 vol.% 
stream of SOj-containing cooling air: 
amount of SO3 employed (relative to the whole 

amount employed): 7 wt.% 
concentration of SO, gas: 0.25 vol.% 
Table 3 



temperature of film stream 
at a point 13 cm away from 
SOrfeedirg nozde ("C) 

(petroleum ether extract) 
(active basis) (wt.%) 
coloring (5% concentration) 
(Absorbance : 1 0 mm cell, 
420 mil) 

content of disulfonate ' 
(active basis) (wt.%) 
condition when dissolved 



EXAMPLE 4 

J Sulfation was effected by applying the same proce- 
dures as in Example 1 except for the following modifi- 
cation of the conditions. The result was as shown in 
Tables. 

organic material: condensation product of C12 alco- 
5 hoi with 3 mol of ethylene oxide (mean molecular 
weight: 330) 

molar ratio of SOj (relative to organic material): 
1,03 

stream of SOa-air: concentration of SO3 gas - 4.5 
0 vol.% 

stream of SOa-containing cooling air: 
amount of SO, employed (relative to the whole 

amount employed): 14 wt.% 
concentration of SO3 gas: 0.30 vol.% 
5 temperature of coolitig^wat'er: 25°C 

velocity of stream of SOa-inert air: 45 m/sec 
velocity of stream of SOa-containing air: 55 m/sec 
Table 5 

Q Com- Present 

parative example 



SO.-feedlng nozzle (°C) 

^ (obtained through ion^xchan 

(active basis) (wt.%) 
coloring (5% concentration) 
(absorbance : 10 mm cell, 
(1^20 m>i) 



EXAMPLE. 3 

Sulfonation was effected by applying the same proce- ^5 
dures as in Example 1 except for the following modifi- 
cation of the conditions. The result was as shown in 
Table 4. 

organic material: a-olefin having 14 carbon atoms, gQ 

obtained through Ziegler's method 
molar ratio of SOj (relative to material): 1.00 
stream of SOj-air: concentration of SO3 gas = 7.4 

vol.% 

stream of SOj-containing cooling air: 65 
amount of SO3 employed (relative to the \yhole 

amount employed): 5 wt.% 
concentration of SO3 gas: 0.18 vol.% 



EXAMPLES. 
Sulfonation was effected by applying the same proce- 
dures as in Example 1 except for the following modifi- 
cation of the conditions. The result was as shown in 
Table 6. 

organic material: alkyl benzene (mean molecular 
weight: 243) 

molar ratio of SO3 (relative to organic material): 1 .05 
stream of SOj-air; concentration of SO3 gas = 6. 1 

vol.% 

stream of SOa-containing cooling gas: 

amount of SOj employed (relative to the whole 
amount employed): id wt.% 

concentration of SO3 gas: 0.30 vol.% 
temperature of cooling water: 26°C 
velocity of stream of SOj-inert air: 45 m/sec 
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Table 6 ^^^^j ^^ich comprises: the second gaseous stream con- 
Present sists essentially of a mixture of gaseous sulfur tri-oxide 

"""P" 5 and inert gas and said second stream is flowed mto the 

mperatureoffiimstreamatapoini feed end of said reaction zonc in parallel with, in 

1 cm away from sOa-feeding nozzle 46 contact with and between said film and said first stream 

freacted oil content (petroleum ether SO as to fom at the feed end of saici reaction zone a par- 

itraci) '-'O allel flowing layer of said second gaseous stream De- 

f'^^fSftion^ntration) '° tween Said film and said first stream, said second 

aVsorbance ; 1 0 mm cell. 420 m^) O O'O stream having a temperature of from 10° to 40 C and 

content of alcohol insoluble matter ^ ^ ^^j^^j ^^^^ from 1 tO 1 .4 times the 

(acve basis) ^^^^^6^ ^^^^^^ ^^,^2^ contain- 
ing from 0 .0 1 to 2 volume percent of sulfur tnoxide and 
'5 the balance is inert gas, said first stream contammg 

EXAMPLE 6. from 3 to 15 volume percent of SO3 and the balance ts 

Sulfation was effected by applying the same proce- inert gas. said first stream having a^^locity of from 20 

dures as in Example 1 except for the following modifi- to 100 m/sec and a temperature of from 20 to 3U t-, 

cation of the conditions. The result was as shown in said second stream supplying from ' Jo weignt per- 

Table 7. cent of the total SO3 supplied by both the first and 

organic material: synthetic alcohol having 12 carbon second streams. 

atoms (mean molecular weight: 205 ) 2. In a process for sulfating condensaUon products of 

molar ratio of SO, (relative to organic material): 1 .02 ethylene oxide with an aliphatic alcohol havmg 8 to 22 

stream of SOj-air: concentration of SO3 gas = 7.2 carbon atoms, comprising flowing a thin film of said 

vol % condensation product having a temperature of from 

stream of SOj-containing cooling air: 1 0° to 45°C along an externally cooled reaction surface 

amount of SO3 employed (relative to whole in a reaction zone, and contacting said film with a sepa- 

amount employed) : 6 wt.% rately supplied first stream of a mixture of gaseous sul- 

concentration of SO3 gas: 0.2 1 vol.% fur trioxide and inert gas and with a separately supplied 

temperature of cooling water: ZS'C second stream of cooling gas that flows in parallel with 

velocity of stream of SOa-inert air: 45 m/sec said film and said first stream and is located therebe- 

velocity of stream of SOj-containing air: 62 m/sec tween, the volumetric flow rate of said second stream 

y^ble 7 being from 2 to 1 2 times the volumetric flow rate of the 

— 35 first stream, whereby to effect sulfation, the improve- 

ewmpte ment which comprises: the second gaseous stream con- 

— sists essentially of a mixture of gaseous sulfur trioxide 

"''5,^"l''i!li^l°„L°jr,' 48 and inert gas and said second stream is flowed into the 
msoa-feedmg nozzle ^^^^ ^.^ reaction zonc in parallel with, m 
>ntent (petroleum ether ^ contact with and between said film and said first stream 
tS'basi!) (wt %) so as to form at the feed end of said reaction zone a par- 
coloring (5% concentration) allel flowing layer of said second gaseous stteam be- 

(absorbance: 10 mm cell. 420 m^) ^^^^ ^^j^ and said first Stream, said second 

stream having a temperature of from 10° to 40''C and 
- , • J ■ 45 having a velocity in the range of from 1 to 1 .4 times the 

What IS claimed is. 6 ^^^^^^ ^^^^ contain- 

1 Inaprocessforsulfonatinga-olefinsha^^^^^^ Srom 0.01 to 2 volume percent of sulfur trioxide and 

carbon atoms, comprismg flowing a thin fl"" ^aid a- ^"^T^ . . ^^j^ g^st stream containing 

film and said first stream and is located therebetween, ond streams. * * * * ♦ 
the volumetric flow rate of said second stream being 55 



60 



65 
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[57] ABSTRACT 
Water is removed from methanesulfonic add to pro- 
duce an anhydrous product of high purity by spraying 
wet methanesulfonic acid (MSA) onto the walls of a 
vertical, heated tube which is maintained at reduced 
pressure. The water evaporates as the acid flows down 
the walls of the tube and dry MSA is removed at the 
bottom. 

12 Qaims, 3 Drawing Figures 
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1 2 

DETAILED DESCRIPTION 

In the manufacture of methanesulfonic acid, an aque- provided to feed the alkanesulfomc acid from storage 
ous product which normaUy contiains about 20 to 35 15 through line 19 to the top of column 11 onto a 
weight percent of water is produced. In order to obtain 10 TEFLON ® distributor plate 23. Rotameter 21 moni- 
an anhydrous. «2 wt. percent water) product, useful, tors the flow of aqueous acid to column 11; Plates 23 act 
for example, as a reaction medium in the preparation of to form and maintain f. ?^*%^^"!°"? ^f,!^^ 
aromatic peVoxy acids where excess water retards the surface 25 of ««« ^u^^^fm-'f V 1^ hv^^^S 
reaction, die water must be removed while mimmizing to temperatures of from^about m ^"/^ 'earn 
the foniation of decomposition products. Of special 15 under pressure, or by other suitable ^^^J^^'°^ l 
teem is the need to aSoid the formation of methyl ^t^Tj'^Ll^£^^^°^ 
methanesulfomite (CH3SO2OCH3 . This compomid is a °^P'|^ J^S^^J^^^^^ water vapor and 
known carcinogen. A two^tep distiltetive purification '^2\^^^^iZZ ..pon^ to a cold water con- 
process for lower-alkanesulfomc acids is disclosed m .^o^ery tank 35 is used to collect 
U.S. Pat No. 4.035.242. Water vapor « removed m Ae J;^^^';^„Xater-acid miSIure from line 37. Product 
first Step by distillation and the major porUon of the 45 provided to coUect the anhydrous acid. The 
alkanesulfonio acid is vaporized, and removed by vac- ^.^^ arranged to be maintained at a 
uum distmation in the second step. In the example, a ^^^^,^5^ pressure of from about 15 to 50 mm of Hg 
product having a purity of 98.89 weight percent is ob- absolute by a two-stage steam jet vacuum system 31 
tained. Besides water, the product is reported to contain ^^^^ connected to the inner core of pipe 13 and also 
an average of 0.08 weight percent methyl methanesul- recovery tank 35 and product tank 45 
fonate and 0.46 weight percent sulfuric acid. I have now through lines 33 and 34 so as to equalize the pressure in 
found a process in which an anhydrous alkanesulfonio ^j^^ gyg^eni. 

acid can be prepared, in a single step, without vaporiz- |„ operation, an acid-water mixture, for example 70 

ing the the acid product, to a purity of at least 99.5 weight percent inethEuiesulfpnic add ^SA) and 30 

weight percent. The acid contains less than 1.0 ppm of weight percent water, at ambient temperatvue in storage 

methyl methanesulfonate and no detectable sulfates. tank 15 is fed by pump 17 through Une 19 and rotameter 

,T,i.T^T^vT 31 at the rate of about 17 pounds per hour to the top of 

BRIEF SUMMARY OF THE INVENTION jj ^^^^^ pj^^g^ ^nto distributor.plate„23 

In accordance with this invention, there is provided a which forms a fihn of aqueous acid on surface 25 of wall 

process for reducing the water content of a lower- 24. Wall 24 is heated by steam (10 lbs/hour) to a temper- 

idkane-sulfonic acid while minimizing the formation of ature of about 375' F. The fUm flows by gravity down 

decomposition products. A mixture contaming water the surface 25. The cental core^of^pel3 ~ 
and lower-alkane-sulfonic acid is placed onto the inter- 40 at a reduced pressure of about 25 mm of mercury abso 

^ surfaceTa vertical evaporator column to form a lute so that the water is removed from the aqueous acid 

^^h?.StJe'SesurfL.Thesurfaceisheated fil"* •^'^ci-dy without eitherj^i«mm^^^^^^^ 

by gravity down the surface of the '=o'^- Waf" ^° ^ at the top through line 41 which 

vapor is removed from Ae top of the colmmi and the Jav^ condenser 39. The con- 

lower-alkanesulfomc acid, havmg a reduced water con- earn ^ ^ p ^^^^^^^ ^ ^^^ ^^.^ recovery tank 35 

tent, is removed from the bottom of die column. acid-water mature, wMch contams, for 

The column can be constructed of several sections gb^ut 75% water and 25% MSA, is returned 

having different internal diameters to provide a pro- ^ j^g^ production process. A highly purified 

gressively larger internal volume from bottom to top so (^gg j ^t. %), substantially anhydrous (<0.5 wt. % 

as to facilitate die evaporation and removal of the larger . MSA product is recovered at the bottom of 

water vapor stream in the upper portion of die column. column 11 dirough line 43 and is collected in product 

Two or more columns can be arranged in parallel to jj 45 

provide increased throughput piG. 2 illustrates an apparatus for carrying out the 

T^T^o^-oroTTr^KT r»u TMP r>B A WINOS process of the invention with an evaporator column 51 

DESCRIPTION OF THE DRAWINGS P^^^^^ sections. 13, 53.and 55 of jacketed steel 

FIG. 1 is a schematic diagiram illustrating a system for pjpg Section:55 is an 8-inch in diameter, 6-foot long, 

carrying out die process of the inventions. jacketed, glass-lined pipe, and section 53 is a 4-inch in 

FIG. 2 is a schematic diagram illustrating an alternate diameter, 10-foot long, jacketed, glass: lined pipe. Pipe 

system for carrying out the process of the invention in 13 is 2 inches m diameter and 11 feet long as described 

which die evaporation column is formed of several in FIG. 1. A steam system is provided so that the st^ 

sections of different internal diameters. is supplied at a different pressure to die jacket of each 

FIG 3 is a schematic diagram Ulustrating an alternate 6S evaporator section because of die pressure rating lumto- 

svstem'for carrying out die process of die invention in tions of the jacketed glass-lined pipe. For example, die 

which a series of evaporator columns are arranged in following steam pressures, feed rates, and temperatures 

parallel. arc employed: 
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TABLE 1 




Ratelbs/hr 


Steam PSIG 


Temperature "C 


Mime 


.40 
20 


175 


153* 
178' 
192- 



4,450,047 

4 

Although the preferred embodiments of the process 
of the invention have been described with respect to the 
dehydration of MSA. it should be understood that the 
process can also be employed with water containing 
5 mixtures (5-60 percent by weight of water) of other 
lowcr-alkane sulfonic acids (i.e., 1-8 carbon atoms) such 
as ethanesulfonic acid by the proper selection of operat- 

by the same reference numbers. A spray nozzle 26 is lo than 0.3 weight percent water evaporation 

•"In^l^nSrfl^^^^^^^^ Sd does not contain detectable amount, of carceno- 

day for a typical operation of the process usmg the u gemc byproducts. 

375- in the bottom section. tofoim a ^8^^^ subatmospheric pressure and 

TABLS n h^g^d surface so that water is vaporized from said 

Overhe«l Piodttci Prod/Feed mixture as said film Qows down said surface, removing 

wdav lbi/d»y wt. % Recovers^ ^ ^^^^ ^^^^ column, and removing 

lower-alkanesulfonic acid having a water content of less 
than 2 percent and no detectable amounts of carcino- 
genic decomposition products at the bottom of said 





Feed 
Ibt/day 


Oveibesd Product 
ibj/day lbi/d»y 


wt. % Recovery 


MSA 
H2O 
Total 


869 
373 
1242 


123 746 
369 3.8 


60 


TABLE ni 




Wt%MSA 
. Temp-'C 


70 ~ .25 
imbient 


99.5 
130-140* 
49 


nimHg..abs. 







2 The process of claim 1 wherein said mixture con- 
tains from about 5 to 60 percent by weight of water. 

3 The process of claim 1 wherein the internal surface 
of the evaporator column is heated to a temperature of 
from about 300' to 375" F. 

4 The process of claim 3 wherein the mtemal surface 
of the column is heated to a higher temperature at the 

lT.eproductfromatypicalrunwasandyz«i.«.d^ ^^^^^:,7jt:£^col^isop.r. 
X'^^^^^^-^^^^^ aJd?Jp=e Of from a^ut ^S to 50 mm of Hg 

no detectable sulfates, and some trace impurities wMch 40 absolute^ ^ 1 wherein the evaporator 

were not identified. The remainder of the produc wa^ JJJ^^P/^^^^th a larger internal diameter at 
water,i.e..about.O^ weight percent ^pr^^^^^ so ST^de a larger volume of water vapor 

slightly ^darkened by the heatmg (APHA 500), and a J^j column, 

snfall Lount of 70 wt. % hydrogen p«ro«de was 6 wherein the evaporator 

added to provide improved color (APHA 60). For 45 '°f r^j^j^ons^h^^ 
example, about 12 ounces by volume of 70% aqueous ^^^^^[^^fp^^vely increasing volume of 
H2O2 per six hundred poun^.of produrt . water vaj^r from the l^ttom to the top of the column. 

Turning now to the embodiment ^1°. 3, m order ^^"I^f^^^of claim7 wherein the diameter of the 
to provide mcreascd throughput, three faUmg fto *JJ^7^ ^Vthe top section of the evaporator 
evaporator columns 5«, 57 and 58 '^^P'^\'^fj^^^ JdAe S^r of the water vapor stream at the 

each include four glass lined, ^^^^^^^^^^^ bottom «S^on^ the evaporator is about 2". 
with 6-inch in diameter ««tions 60, 61. « b«ngadded ^^^^^^ „f ^i^j wherein portions of said 
between the^4 ^d 8 ^^^^^1^^"^^ ^^^^ m2tu!Jarefedsimultaneously to a plurality of evapora- 
shown in FIG. 2. Also, instead °^ f'^^^^^l^^T 55 j^r columns which arc arranged in parallel, 
source, a vacuum pump 63 is employed to '^du^ the 55 P".^ ^^^y^ , wherein said mixtm:e com- 
pressure in the evaporator columru. to 25 «m of J^^^P'^^ji^esulfonic acid. 
Hg absolute. An intennediate hold tank ** « P«>^ded prB« ^^"^^ wherein the lower- 

added through line 66 to the product MSA order to ^^^'^ ^ ,^ j ^^erein said fihn is formed 

are: shown by the same reference numerals. 
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[57] ABSTRACT 
An improved process for preparing olefin sulfonic acids 
and sulfonates by the reaction of sulfur trioxide and an 
olefin mixture having 14 to 16 carbon atoms per mole- 
cule which includes at least 30 percent by weight dimer 
olefins is disclosed. The olefin mixture and sulfur triox- 
ide are mixed and reacted in a reaction zone of a contin- 
uous falling fihn reactor apparatus havmg a segregated 
cooling jacket, wherein the upper | to J of the reaction 
zone is operated and maintained at a constant tempera- 
ture of between about 0* to below about 27* C and the 
Iowa i to I of the reaction zone is operated and noain- 
tained at a higher constant temperature of between 
about 25' to about 40* C The acidic reactor efQuent is 
then aged prior to aeutrali2atioa The improved process 
produces a resulting product having a low oil content 
and low color at increased production rates while 
greatly reducing the off gas plume for improved air 
pollution abatement 

7 Clalnu, No Drawings 
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Another disadvantage in the use of known prior art 
PROCESS FOR PREPARING OLEFIN processes and apparatus for preparing olefin sulfonic 

SULFONATES acids and sulfonates from the above-described C14-C16 

dimer olefin mixtures is the concurrent production of 
BACKGROUND OF THE INVENTION j ^ff pi^^gs that are most difficult to treat for air 

1. Field of the Invention pollution abatement. Tests have shown that these off 
The invention relates to the preparation of olefm gas plumes include npt only inert dUuent gas and unre- 

sulfonates and more particularly pertains to an im- acted sulfur trioxide but also large amounts of the sul- 

proved process for producing olefm sulfonic acids arid fonic acid reaction product in aerosol form. Hence, 
sulfonates of improved low oU content and low color lO expensive pollution abatement devices must be utilized, 

from mixtures of olefuis having 14 to 16 carbon atoms e.g., alkaline scrubbmg devices, after burners and the 

per molecule which contain at least 30 percent by like, before the off gas plume can be released into the 

weight dimer olefins. . atmosphere. 

2. Description of the Prior Art SUMMARY OF THE INVENTION 
Processes for producing olefin sulfonic acids and ^ .... , , 

. olefin sulfonates by the use of continuous falling film The present invention is an unproved process for 

reactor apparatus are well known in the art. Generally. Prepanng olefin sulfonic acids and sulfonates by the 

conventional continuous falling film reactor apparatus of ''"If"' ^^f^. fn olefin m the reaction 

comprise a vertical reaction zone surrounded by a suit- „ ^""^ °f ^ contmuoi^ falling filn» reactor apparatus to 

able heat exchange means, and include means for form- 2° P'°f "^f ^ acid reaction effluent followed by agmg and 

ing a continuous falling thin film of olefm product in the n«."tra]mtion. TTie improvement of the mvention com- 

reaction zone and a means for injecting sdfur trioxide Pnses mmng and reactmg su^ur tnoxide and a mixture 

' " ... „^_.I_!:„.,. x.„iii„„ «i„ of olefins containmg 14 to 16 carbon atoms per mole- 

uito the react on zone The thin continuous fall ng fflm ^ , 3^ ^^^^^ ^ 

of the olefm to be sulfonated is formed ,n the reaction ^ ^^^^ ^^^^ ^^^J^ ^^^^^ ^ 

zone and sulfur tnoxide. with a gaseous diluent, is mjxed apparatus, operating and main- 

and reacted therewith. The svUfonation reaction which ^ ^ ^ j ^^^^^ ^^^^ ^ 

occurs IS normally higWy exothermic, depending upon temperature of between about 0" to below about 

the particular olefm utahzed, r^ultmg m an olefin sul- C, operating and inaintaining the lower to | of 

fomc acid reaction product or effluent. Through the use 3^ ^^^^^^ ^ j^^^^. ^^^^^j temperature of 

of the heat exchange means, the exothemnc reaction ^^^^ ^g^^g ^^e resultant 

temperature can be substantially controlled, thereby ^j^jj^ ^^^^ ^gj^^j^^ ^^ ^^out 20--45' C prior to neu- 

retardmg degradation of the acidic reaction product tralization. By the practice of the invention, the resul- 

which produces off-color and other nnd«irable prob- ^^ reaction jiroduct and/or sulfonate product, 

lems. Examples of prior art processes for prepanng jj produced after conventional neutralization, have low 

olefin sulfonates by the use of continuous falling fihn ojj content and low color, even when produced at high 

reactor apparatus are disclosed in the following U.S. production rates. The resultant products are highly 

Pat. Nos.: 3,169,142; 3,501,276; 3.420,875; and 3.461.053. acceptable for use in the production of biodegradable. 

There are, of course, several variations known in the Ught-duty liquid detergents. Moreover, by the practice 

art of the above-described somewhat conventional pro- ^ gf tjjg invention, the off gas plume contains greatly 

cess and apparatus for the production of olefin sulfonic reduced levels oif aerosol acidic product along with an 

acids and sulfonates. For instance, Brooks teaches in improvement in ptoduct recovery. 

U.S. Pat No. 3,620.684 ah improved process and appa- other objects and advantages of this invention wiU 

ratus for continuous sulfonation of olefins wherein the become readily apparent to one skilled in the art from 

acidic reaction product of an olefm and sulfur trioxide 45 the ensuing descriptions of the invention, 
mixed and reacted in a reaction zone is immediately 
cooled after passing from the reaction zone, to retard 
degradation thereof. The preferred method of cooling 

disclosed is a recycle-quench step of the acidic reaction As mentioned hisreinbefore, the instant invention is 

product which aids completion of the sulfonation reac- 50 applicable for the preparation of olefin sulfonic acids 

tion. and sulfonates from mixtures of olefins having 14 to 16 

However, attempts heretofore to produce olefm sul- carbon atoms per molecule that contain at least 30 per- 

fonic acids and sulfonates of low oil content and low cent by weight diiner olefms. The remaining 70 percent 

color from olefin feed mixtures having 14 to 16 carbon by weight of the mixtures may be C14-C16 alpha; olefins, 

atoms per molecule wherein at least 30 percent by 55 However, it will be readily understood by those skilled 

weight of the mixtures are dimer olefms have been in the art that the applicable olefin mixtures may contain 

substantially unsuccessful, particularly at acceptable minimal amounts of alpha, and/or dimer olefins having 

production rates. The acidic reaction products or efflu- from 12 to 20 carbon atoms per molecule and internal 

ent from the above-described C14-C14 dimer olefm mix- olefms along with certain unknowns or impurities, e.g., 
tures mixed and reacted with sulfur trioxide are highly 60 below about 10 percent by weight of the olefin feed 

thennallysensitive. On the other hand, the sulfonic acid mixture. 

and sulfonate products prepared from Cm-Ck dimer The invention is especially applicable for the prq)ara- 

olefin mixtures are highly desirable for use in preparing tion of olefm sulfonic acids and sulfonates from Ci4~Ci6 

light duty liquid detergents which are biodegradable. In olefm feed mixtures containing about 30-70 based upon 
thepreparationof these products by prior art processes, 65 the weight of the total mixture, with 50% by weight 

the production rate is normally quite low and additional dimer being optimum. In addition, a preferred olefin 

treatment steps are usually required to lower the oil feed mixture has an average molecular weight of about 

content and off-color. 196 to 224. The resulting prodijcts are highly desirable 
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for the preparation of biodegradable light duty Uquid acids produced from Cu-Ci60lefm mixtures containing 
detergents a' 'east 30 percent by weight dimer olefin are highly 

In carrying out the instant invention, a continuous thermally sensitive. This thermal sensitivity increases 
falling thin film of the above-described olefin mixture is proportionately with the amount of dimer olefin, 
formed in a reaction zone of a continuous falling film 5 Moreover, experimente have shown that as the per- 
reactor apparatus. Sulftir trioxide is then mixed and cent by weight ratio of alpha olefin m the olefin feed 
reacted therewith in a conventional manner, such as by mixture increases, the above-described segments of the 
injection a sulfur trioxide vapor, with a dUuent inert gas, reaction zone must be operated at proportionaUy higher 
into the reaction zone under pressure to increase turbu- temperatures, within the stated ranges. Accordingly, as 
lence in the falling film of olefin mixture. Procedures 10 the ratio of dimer to alpha olefin in the feed mixture 
and apparatus for forming thin films of an olefm mixture increases, proportionally lower temperatures withm the 
and mixing and reacting them with sulfur trioxide in a stated ranges can be employed. The optimum tempera- 
reaction zone are well known in the art, as mentioned tures to be used in the operation of each segment of the 
hereinbefore and. hence, a detaUed description thereof reaction zone is thus dependent upon the particular 
will not be set forth. 15 make-up of the olefin feed mixture and is best deter- 

However, in the present invention, the upper J to J of mined empirically, 
the reaction zone of the apparatus is operated and main- Although the above-described olefin feed mixture 
tained at a constant temperature of between about 0* to may be fed to the reaction zone of the continuous fallmg 
below about 27' C while the olefm film and fulfur triox- film reactor apparatus at any desired temperature that 
ide are mixed and reacted. Although any conventional 20 will permit the formation of a continuous fallmg thin 
means known in the art for maintaining a constant tern- film of olefin in the reaction zone, a temperature of 
perature may be used, we prefer to surround the reac- between about 20°-25° C is preferred. Optimally, the 
tion zone with a segregated cooling jacket and circulate olefm feed mixture is fed to the reaction zone at room 
through the upper section thereof a heat absorbing temperature. Accordingly, the temperature of the sulfur 
fluid, e.g., water, that wiU remove exothermic reaction 25 trioxide is preferably between about 30*-35* C when it 
heat from the reaction zone at an adequate rate to main- is injected into the reaction zone. In a preferred embodi- 
tain constancy. ment of the invention, a Cm-C^ olefm feed mixture 

It has been shown that the exothermic reaction of the containing 30 to 70 percent by weight dimer olefm is 
olefm mixture and sulfiir trioxide is very rapid and ap- mixed and reacted with SO3 vapor in a reaction zone 
proaches completion while the falling film of olefm and 30 wherein the upper { of the reaction zone is operated and 
reaction product is within the upper 4 to i of the reac- maintained at a constant temperature of between about 
tion zone. Accordingly, I have found that by operating O'-IO* C. The lower | of the reaction zone is operated 
and maintaining the upper J to i of the reaction at a and maintained at a higher constant temperature of 
constant temperature between 0' to below about 27° C between about 25°-30'' C. The upper and lower parts of 
a superior sulfonic acid product and superior sulfonate 35 the reaction zone are maintained at the designated con- 
product, after neutralization, is obtained with excellent slant temperature ranges by the use of a segregated 
low oil content and low color characteristics, yet the cooling jacket surrounding the reaction zone, 
rate of production can be increased greatly. Moreover, The acidic reaction effluent is then aged at a tempera- 
most unexpectedly there is a great reduction in off gas ture of between about 20''-45' C. Preferably, the efflu- 
plume containing the sulfonic acid reaction product in 40 ent is aged for about 1-10 minutes at approximately 
aerosol form which tremendously facilitates pollution room temperature. Although the aging step may be 
abatement. performed by the use of any conventional means, I 

Furthermore, experiments have shown that maintain- prefer to pass the reactor effluent from the reaction 
ing and operatmg the upper J to 166 of the reaction zone to a cyclone phase separator. During aging, any 
zone at the above-described temperature range is most 45 unreacted olefm mixture remaining in the effluent is 
critical. 1 have found that when the upper level is oper- placed in further contact with sulfur trioxide for reac- 
atcd and maintained at constant temperatures either tion and the temperature of the acidic reaction effiuent 
below 0° or above about 27° C, even at conventional is stabilized. More importantly, the aging provides the 
production rates, the resulting acidic reaction effluent opportunity for isomerization of certain sultone struc- 
afler neutralization contains unacceptably high levels of 30 tures in the acidic reactor effluent. Specifically, the 
oil and exhibits high off-color. aging time prevents formation of highly insoluble 

The lower i to i of the reaction zone of the apparatus betahydroxy sulfonates in the fmal neutralized and hy- 
is then operated and maintained at a higher constant drolyzed product. 

temperature of between about 25° C to 40° C by any The aged acidic reaction effluent is then neutralized 
conventional means, e.g., circulating a heat absorbing 55 by any conventional procedure, e.g., by mixing and 
fluid through a segregated cooling jacket surrounding reacting the effluent with a caustic solution, which 
the reaction zone. It is most critical to operate and main- produces the olefm sulfonate product. The resultant 
tain the lower part of the reaction zone at a higher neutralized olefin sulfonate product can then be further 
constant temperature within this range in order to ac- treated by any of the processes known in the art such as 
complish the desired objectives. The viscosity of the 60 by hydrolysis (saponification) to provide products 
mixture of unreacted olefin and acidic reaction product ready for use. 

formed in the reaction zone increases proportionately as Through the practice of the instant invention, 
the reaction between the olefm and sulfur trioxide ap- Cu-Cie olefin sulfonates containing at least 30 percent 
proaches completion. As viscosity increases the rate of by weight dimer olefms can be produced that have 
film flow decreases, thereby increasing the exposure of 65 below about 5.0 percent oil content (basis solids) and 
the acidic reaction product to exothermic reaction tern- exhibit a Klett color below about ISO (unbleached, as 
peratures which results in thermal degradation of the determined with a Klett colorimeter with a No. 42 blue 
reaction product. As mentioned hereinbefore, sulfonic filter with a 40 mm cell on a 5% solid solution in water) 
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even at increased production "rates up t about 23 Reactor linear velocity is defined as the velocity of the 
lb/ft»/hr (pounds feed olefin +SO3 per square foot air feed through the reactor tube m fl/sK;. SOjconcen- 
reactor surface per hour), tration is defined as the volume percent SOjm the total 
As mentioned hereinbefore, any conventional contin- gas feed. Mole ratio is defmed as moles SO3 fed per mole 
uous filling film reactor apparatus may be utilized in the 5 olefin mixture fed. The examples are for purposes of 
practice of the invention so long as the apparatus is illustration of our invention and are not intended to be 
capable of being operated and maintained at a tempera- limiting thereof, 
ture of between about 0° to below about 27° C in the EXAMPLES 1-2 
upper i - i of the reaction zone and at a temperature of 

between about 25° - 40' C at the lower i - | of said 10 Examples 1 and 2 set forth in the following Table I 

reaction zone. Accordingly, sulfur trioxide may be ob- illustrate the advantage of mixing and reacting SOj and 

tained from any conventional source. We prefer to an all dimer C14-C16 olefm blend in a reactor with the 

utilize SO3 vapor from liquid SO3, mixed with an inert upper part of the reactor cooled to near 0' C and the 

gaseous diluent, e.g., air, nitrogen, carbon monoxide, lower part of the reactor operated and maintained at a 

carbon dioxide, sulfur dioxide and the hke. The gaseous 15 constant temperature of near 25° C. The olefm feed m 

SO3 is preferably utilized in a concentration from about both examples consisted of 70 percent C14 dimer and 30 

1.0 volume percent to 10 percent in the gas feed. More- percent dimer with an average molecular weight of 

over, the mole ratio is preferably between about 1.05 to 204. 

1.20 (S03:olefin). TABLE I 

In the foUowing examples a continuous fallmg film 20 . -. Emunple Ex^ ^iT" 

reactor apparatus consisting of three or four sections, t no. 2 

each with its own water cooling jacket and connected production R»te (Ib/ft'/hr) 6A M~ 

together with ball joints was utilized. The reaction zone Mole Ratio l is 116 

of the apparatus was defmed by a reactor tube that was SO3 Concentration in Gm Feed (%) 2 2 

5 mm (0.197 inches) I.D.. constructed of glass and had 25 l^-] ^-g" ^elocty {ft/«c.) 125 l« 

a length:diameter ratio (L/D) of 165 for itaee sections Reactor Cooling Jacket Temperatures 

or 234 for four sections. An olefin reservoir near the top lowet^l^'^^ 27 51 

surrounded the reactor tube and the olefin mixture % oU (basis soUds) 3.7 i4,i 

being mixed and reacted overflowed a cut in the reactor Kiett Color ^l 

tube to flow down the reactor inner wall in a thin film. 30 

SO3 vapor, fi'om SO3 originally pumped as a liquid into nc i t 

a heated bomb swept with dry air, emerged into the EXAMPLE^ 3-7 

reactor tube at a point below the top of the upper water jjjg following Table II shows the effect on oil and 

jacket where it contacted the olefin mixture film as it color of operating and maintaining the reaction zone 

moved downwardly the reactor wall. Adequate turbu- 35 ^jfj^ jj,g ggij (Example 3), and with the top at 

lence in the olefin film was generated by the SOrair g, 10, 25, and 40" C, all with the lower part of the 

stream plus a secondary air stream entering the reactor reaction zone operated and maintained at a temperature 
tube from above the olefin mixture feed point. Air fed enough to permit rapid flow of the acidic reaction 

through the reaction zone was dried over 3-A molecu- effluent from the reaction zone (25° C). Example 4, 

lar sieves and metered by rotameters. The olefm feed 40 ^jjejei,! the upper § of the reaction was operated and 

mixture was pumped with a microbellows metering maintained at 0° C and the lower § was operated and 

pump, and the liquid SO3 was pumped either with a maintained at 25° C, gave the best results on oil and 

syringe pump or a Ruska puinp for larger feed rates. ^.^j^^ considered together. The olefm feed mixture used 
Water was pumped through the reactor coolmg jackets Examples 3.7 consisted of 27.6 percent alpha olefin, 
at 0.3 - 0.7 g.p.m. to provide the desired constant tem- 45 percent vinyUdene olefm, 7.2 percent internal ole- 
peratures on the reactor tube waU. In all the followmg j j „rcent paraffm and 0.07 percent unknovra, 

Examples except Example 1. the acidic reaction effluent ^ ^gjgjj^ ^iggj, mixture. The 

was passed through a cyclone phaseseparator which ^^^^^ distribution of the feed mixture was 0.3 percent 

was cooled to the same temperature as the lower part of ^ , pg^pent C14 and 30.4 percent C,« with an aver- 
the reactor. The Uquid effluent was then passed through 50 molecular weight of 205. 
an ager (a vessel to hold the liquid for a predetermmed 

length of time) at room temperature and thence into a TABLE II 

caustic solution for neutralization. In Example 1, a less EMmple No. 3 < 5 6 7 

efficient glass cyclone was used as a phase separator and Production Rate (ibyft'/hr) 9.8 9.8 9.8 9.8 9.8 
theUquidefnuentwas«>ollectedasacid.a8edatleastl0 55 Mde^ 1.08 1.08 I.08 1,08 1.08 

minutes after the run, then neutralized with caustic. In Linear Velocity (ft/sec) 123 125 123 125 125 

all the Examples, the neutralized slurry was saponified Reactor L/D 163 165 165 165 165 

in a pressure bottle in a 150' Coven for I to lihouts. ^""^l^T^'^'^ -10 0 10 25 40 

The saponified slurry was then analyzed for unsulfo- Lower S 25 25 25 25 25 

nated oil by extraction with pentane, evaporation of the 60 ™(B^^Solid5)(%) 3^ 3^6 J.8 5,^1^ 5.^ 

pentane and weighing the oil. Color was determined ^ — 

with a Klett colorimeter with a No. 42 blue filter and a 

40 mm cell on a 5 percent solids solution in water. EXAMPLES 8-10 

Also, in the following examples production rate is 
defined by pounds feed (olefin + SO3) per square foot 65 In the foUowing Table III, Examples &-10 illustrate 

reactor wall surface per hour Qb/fOAir). When the that lower oU content can be obtained at high produc- 

reaction zone L/D is 234, the surface is 0. 198 ft*. When tion rates by the practice of the instant invention than at 

the reaction zone L/D is 165, surface area is 0. 146 ft^. lower production rates using higher temperatures in the 
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upper part of the reaction zone. The same feed was used 
as in Examples 3-7. 

TABLE III 



Production Rale (Ib/ft'/hr) 
Mole Ratio 

SOj ConcenttBtion (%) 
Linear Velocity (ft/sec) 



Jacket Temp (' C) 
upper i 

% oa (B/s) 

Klett Color 



EXAMPLES 11-13 
Table IV shows the ofT-gas plume reduction achieved 
by operating and maintaining the upper i of the reaction 
zone at a constant lower temperature and by operating 
and maintaining the lower i of the reaction zone at a 
higher constant temperature. The reduction is shown as 
a reduced loss of product (increased percent recovery 
of feeds on material balance) because no numerical data 
are available for the visual density of the plume. The 
same olefin feed mixture was used in the Examples of 
Table IV as in Examples 3-10. 

TABLE IV 



nple No. 



Production Rate (Ih/ft'/hr) 
Mole Ratio 

SO, Concentration (%) 
Linear Velocity (ft/sec) 
Reactor WD 
Jacket Temp. (' C) 
Upper i 

Lo» of Product in Plume (%) . 
" ■ •■ " »ss in Plume (%) 



9.8 



9.8 



EXAMPLES 14-16 
The following Table VI illustrates the optimum re- 
sults obtained when the upper 25% of the reaction zone 
is operated and maintained at a temperature within the 
prescribed range and the lower 7S% of the reaction 
zone is operated and maintained at a higher constant 
temperature. In Examples 14 and 15, the olefin feed 
mixture consisted of 28% C,4 alpha. 40% C^^ dimer and 
29% C)i dimer, by weight The olefm feed mixture of 
Example 16 consisted of 57% Ch dimer and 42% C|6 
dimer, by weight. 

TABLE V 



Example No. 



ar Velocity (ft/sec) 

Reactor L/D 

Reactor Cooling Water C C) 

% Oil (Basis Solids) 
Klett Color 



A comparison of Examples 14 and 15 show that cool- 
ing the upper 25% of the reaction zone improves oil 



content of the resultant product 100% even when the 
lower i of the reaction zone is operated and maintained 
at the same constant temperature. In addition, it is 
pointed out that the run of Example IS produced a very 

J dense off-gas plume containing a high level of the sul- 
fonic acid product in aerosol form. 

Obviously, many mtjdifications and variations of the 
invention as hereinbefore set forth may be made with- 
out departing from the spirit and scope thereof, and, 

10 therefore, only such limitations should be imposed as 
are indicated in the appended claims. 

1. In the process for preparing olefin sulfonates by the 
reaction of sulfur trioxide and an olefm feed mixture in 
a continuous falling film reactor apparatus to produce 
an acid reaction effluent followed by aging and neutral- 
ization to convert said effluent to an olefm sulfonate,, 
wherein the improvement comprises: 

mixing and reacting a mixture of olefms having 14 to 
^° 16 carbon atoms per molecule, at least 30 percent 
by weight to 70 percent by weight of said olefm 
mixture being dimer olefins, and sulfur trioxide in a 
reaction zone of a continuous falling film reactor 
j apparatus; 

operating and maintaining the upper i to § of 
reaction zone at a constant temperature of between 
about 0' C. to below about 10° C; 
operating and maintaining the lower J to ] of said 
reaction zone at a higher constant temperature of 
between about 25* C. to about 40* C; and 
aging the resultant acidic reaction effluent at a tem- 
perature of about 20°-4S* C. prior to neutralization. 

2. The process according to claim 1, wherein the 
35 olefm mixture is 50 percent by weight dimer olefin. 

3. The process according to claim 1, wherein the 
upper i of said reaction zone is operated and maintained 
at a constant temperature of between about 0* C to 
below about 10* C and the lower | of said reaction zone 

^ is operated and maintained at a higher temperature Of 
between about 23* C to about 40* C. 

4. The process according to claim 1, wherein the 
olefm feed mixture has an average molecular weight of 
between about 196 to about 224. 

43 5. The process according to claim 1, wherein said 
resultant acidic reactor effluent is aged at about 20*-35* 
C for about 1-10 minutes prior to neutralization. 

6. The process according to claim 1, wherein said 
olefm mixture contains 50 percent by weight dimer 

50 olefin having an average molecular weight of between 
about 196 to 224. the upper i of the reaction zone is 
operated and maintained at a constant temperature of 
about 0* to 10* and the lower } of said reaction zone is 
operated and maintained at a higher constant tempera- 
53 ture of about 25* to 40* C. 

7. The process according to claim 1, wherein the 
upper J to i of the reaction zone is operated and main- 
tained at said constant temperature and the lower | to J 
of the reaction zone is operated and maintained at said 

60 higher constant temperature by the use of segregated 
water cooling jacket surrounding said reaction zone. 



65 
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[57] ABSTRACT 

An exothermic process for forming a product which may be 
in a liquid phase is disclosed wherein a first reactant, 
preferably a liquid reactant, is directly fed into a reaction 
zone containing mixing elements and which comprises a 
&st compartment of a reactor. A second reactant, which is 
maintained at a higher pressure, is fed into a second com- 
partment of the reactor separated from the first compartment 
by a porous wall. The second reactant passes through this 
porous wall into the reaction zone to react with the first 
reactant. The process thereby controls rates of the reactions 
and the exothermic heats generated by the reactions. Pulsa- 
tile flow in one or both reaction compartments improves 
mixing. An evaporator for a portion of the product improves 
product quality and permits higher reaction temperatures in 
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EXOTHERMIC PROCESS WITH POROUS 
MEANS TO CONTROL REACTION RATE 
AND EXOTHERMIC HEAT 

BACKGROUND OF THE INVENTION 5 
Related Applications 

This application is a continuation-in-pait application of 
U.S. Ser. No. 024,989, filed Mar. 2, 1993 now abandoned. 
This prior application is incorporated herein by reference in lo 
its entirety. 

FIELD OF THE INVENTION 

This invention relates to a controlled exothermic process 
for reacting together two or more reactants. One reactant-is 
fed at a first pressure into a first zone in a reactor containing 
mixing means and a second reactant is fed at a higher 
pressure into a second zone in the reactor. The second zone 
is separated from the first zone by a porous barrier wall ^ 
through which the second reactant passes. In this way, a 
controlled flo,w of second reactant into the first reactor zone 
and control of the exothermic reaction are achieved. 

DESCRIPTION OF THE RELATED ART ^ 

Exothermic processes for forming a reaction product from 
at least two reactants wherein the desired product is a liquid 
phase or high density supercritical phase at the reaction 
conditions are typically carried out in a thin film reactor such 
as a falling film reactor. For example, Ashina et al. in U.S. 30 
Pat. No. 3,918,917 describes a multi-tabe thin-fihn type 
reaction apparatus for the reaction of an organic compound 
and gaseous sulfiir trioxide comprising a reaction tube 
provided with gas and liquid feeding mbes at tiie upper end 
of the reaction tube. 

It is also known to carry out such reactions radially by 
passing reactants into a cylindrical reactor through the outer 
walls of the cylinder and to collect the resultant product 
through an apertured central tube in the cylindrical reactor. ^ 

For example, Newson in U.S. Pat. No. 3,844,936 dis- 
closes a radial desulfurization process and apparatus 
wherein both oil and hydrogen are peripherally introduced 
through sidewall nozzles into a cylindrical shell packed with 
catalyst. A tube having apertures therein passes through the 
center of the cylindrical shell, and both the oil and the 
hydrogen gas, passing through the catalyst in the outer shell, 
enter the central mbe through the apertures and leave the 
apparatos. 

De Rosset in U.S. Pat. No. 3,375,288 discloses a process 50 
and apparatus for dehydrogenation of hydrocarbons wherein 
a hydrocarbon feedstock to be dehydrogenated is fed into a 
reaction zone containing a particulate dehydrogenation cata- 
lyst. The reaction mixture, while undergoing dehydrogena- 
tion, is also contacted with one side of a tubular thin 55 
permeable membrane, such as a silver mbe which has a high 
permeability to oxygen. Oxygen at a higher partial pressure 
is maintained on the opposite surface of the tube and difiiises 
through the tube to react with the hydrogen being liberated 
in the dehydrogenation process. go 

The use of permeable membrane catalysts, particularly 
the use of palladium alloy catalyst membranes, have been 
the subject of much investigation. Mischenko ct al. in U.S. 
Pat. No. 4,179,470 describe a process for producing aniline 
by catalytic hydrogcnation of nitrobenzene which comprises S5 
using a mcmbiane catalyst which is essentially an alloy of 
palladium and rutheniimi. The hydrogcnation is carried out 
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by feeding nitrobenzene on one side of the membrane 
catalyst and hydrogen on the other side. The hydrogen 
reactant diffuses through the membrane catalyst, which is 
shaped as a foil, into the hydrogcnation chamber containing 
the nitrobenzene reactant. 

Giyaznov ct al., in an article entitted "Selectivity in 
Catalysis by Hydrogen-porous Membranes", published in 
Discussions of tiie Faraday Society, No. 72 (1982) at pages 
73-78, disclose the use of hyiogen-porous membrane 
catalysts through which hydrogen may pass, either during a 
dehydrogenation reaction to raise the reaction rate axidlot 
suppress side reactions; or during a hydrogcnation reaction 
to independendy control to some extent the surface concen- 
tration of hydrogen and to obtain incompletely hydrogenated 
products which are thermodynamically unstable in the pres- 
ence of hydrogen. 

V. M. Gryaznov, in an article entitled "Hydrogen Perme- 
able Palladium Membrane Catalysts", published in Platinum 
Metals Review, 1986, 30, (2) at pages 68-72, describes tiie 
catalytic properties of selected palladium binary alloy mem- 
branes, which are only permeable to hydrogen, during 
hydrogcnation and dehydrogenation reactions. 

Armor, in a review entitled "Catalysis with Permselective 
Inorganic Membranes", published in Applied Catalysis, 
49(1989) at pages 1-25, discusses the work of others with 
various catalytic membranes, including hydrogen-perme- 
able palladium membranes, ceramic-supported palladium 
membrane catalysts, ceramic membranes permeable to oxy- 
gen, porous polymer resins used as membranes catalysts, 
and alumina membrane catalysts. 

K. Omata, et al., in Applied Catalysis, Vol. 52, L1-L4 
(1989) disclose the oxidative coupling of methane using a 
membrane reactor. The catalyst is on the membrane or 
hairier, and the reactor has no mixing elements. 

W. M. Haunschild in U.S. Pat. No. 4,624,748 discloses a 
catalyst system for use in a distillation column reaction. The 
entire reaction mixture passes through the permeable mate- 
rial. These ether-forming reactions occur at low tempera- 
tures up to about. 100° C. Higher temperaftires apparcntiy 
would destroy the membrane. 

All patent applications, patents, articles, references, stan- 
dards and the like cited herein are incorporated herein by 
reference in their entirety. 

What is needed is a process tiiat makes it possible to 
control the rate of an exothermic chemical reaction by 
controlling the rate of contact of the one or more reactants. 
The present invention accomplishes tiiese objectives of 
conti-olling exothermic reaction rate by using a porous 
barrier through which one or more of the reactants is 
intiwluced to the zone containing the otiier reactant(s), and 
contacting thera using mixing elements. 



SUMMARY OF THE E^fVENTION 

The^ present invention comprises an exothermic process 
for forining a product which may be m a liquid phase 
wh erem a first reactant, or combination of first reactants , is 
dSectTy fed int o a reaction zone containing mixing elemen ts 
and-g'Second reactant or a combinatio n of second reactants, 
whieh is maintai ned at a higher pressure, is transpor ted 
th rogftXpoi'OllS barrier mto the reaction zone to react wi th 
the"fir3 t reactant. Preferably, the first reactant is a liquid"and 
th6~second reactant is also a liquid. Control of both^ tiie 
reaction rate an d the accompanying generation of exotiier - 
mic-fa eat-argiSaae possible by the process . 
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In one embodiment, the present invention relates to an 
improved process for forming a product by reaction of one 
or more first reactants and one or more second rcactants 
which comprises: 

(a) feeding into a first reactor zone one or more first S 
leactants at a first pressure; 

(b) feeding one or more of the second reactants at a 
second pressure higher than the first pressure into a 
second reactor zone separated from the first reactor 
zone by a porous wall capable of being penetrated by lo 
the second reactant; and 

(c) maintaining the pressure within the second reaction 
zone at all locations of the porous wall higher than the 
pressure in the first reaction zone at corresponding 
locations of the porous wall, to thereby inhibit any flow 15 
through the porous wall from the first reaction zone to 
the second reaction zone; 

whereby one or more second reactants will pass through the 
porous wall to contact one or more first reactants in the first 
reactor zone and form the product. 20 

In another embodiment, the present invention relates to an 
improved process for forming a product by reaction of one 
or more first reactants and one or more second reactants 
which comprises: 

(a) feeding into a first reactor zone containing mixing 
elements therein one or more first reactants at a first 
pressure; 

(b) feeding one or more second reactants at a second 
pressure higher than the first pressure into a second 
reactor zone separated fi^om the first reactor zone by a 
porous wall capable of being penetrated by the one or 
more second reactants; and 

(c) maintaining the pressure within the second reaction 
zone at all locations of the porous wall higher than the 
pressure in the first reaction zone at corresponding 
locations of the porous wall, to thereby inhibit any flow 
through the porous wall from the first reaction zone to 
the second reaction zone; 

whereby one or more second reactants will pass through the 
porous wall to contact one or more first reactants in the first ^ 
reactor zone and form the product 

In another embodiment, the present invention relates to an 
improved exothermic process for forming a product by 
reaction of one or more first liquid reactants with one or 
more second liquid reactants which comprises: 

(a) feeding one or more first liquid reactants at a first 
pressure through a first reactor zone having mixing 
elements therein; 

(b) feeding one or more second liquid reactants at a 
second pressure higher than the first pressure into a 50 
second reactor zone separated from the first reactor 
zone by a porous wall capable of being penetrated by 
one or more second liquid reactants; and 

(c) maintaining the pressure within the second reaction 
zone at all locations of the porous wall higher than the 55 
pressure in the first reaction zone at corresponding 
locations of the porous wall, to thereby inhibit any flow 
through the porous wall from the first reaction zone to 
the second reaction zone; 

whereby one or more second liquid reactants will pass 60 
through the porous wall to contact one or more first liquid 
reactants in the first reactor zone and form the product. 

In yet another embodiment, the present invention relates 
to an improved exothermic process for forming a product by 
reaction of one or more liquid first reactants with one or 65 
more second reactants, at least one of which is gaseous at 
ambient conditions, which comprises: 
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(a) feeding one or more liquid first reactants at a first 
pressure through a first reactor zone having mixing 
elements therein; 

(b) feeding one or more second reactants, at least one of 
which is gaseous at ambient conditions, at a second 
pressure higher than the first pressure into a second 
reactor zone separated fi-om the first reactor zone by a 
porous wall capable of being penetrated by the one or 
more second reactants; and 

(c) maintaining the pressure within the second reaction 
zone at all locations of the porous wall higher than the 
pressure in the first reaction zone at corresponding 
locations of the porous wall, to thereby inhibit any flow 
through the porous wall from the first reaction zone to 
the second reaction zone; 

whereby the one or more second reactants passes through 
the porous wall to contact the one or more liquid first 
reactants in the first reactor zone and form the product 

In still another embodiment, the present invention relates 
to an improved exothermic process for forming a product by 
reaction of one or more first reactants and one or more 
second reactants which compiises: 

(a) feeding a first reactant at a first pressure through a first 
reactor zone containing mixing elements having at least 
one dimension equal to from about Yi to about Vioo of 
the largest dimension of the first reactor zone normal to 
the flow of the first reactaiu through the first reactor 
zone; 

(b) feeding a second reactant at a second pressure higher 
than the first pressure into a second reactor zone 
separated from the first reactor zone by a porous wall 
capable of being penetrated by the second reactant; and 

(c) maintaining the pressure within the second reaction 
zone at all locations of the porous wall higher than the 
pressure in the first reaction zone at corresponding 
locations of the porous wall, to thereby inhibit any flow 
through the porous wall from the first reaction zone to 
the second reaction zone; 

whereby the second reactant passes through the porous wall 
to contact the first reactant in the first reactor zone and form 
the product. 

In still another embodiment, the present invention relates 
to an improved process for forming a product by reaction of 
a first liquid reactant writh a second Hquid reactant, which 
process comprises: 

(a) feeding a first liquid reactant at a first pressure into a 
first reactor zone containing particles having at least 
one dimension equal to from about V4 to about Vioo of 
the largest dimension of the first reactor zone normal to 
the flow of the hquid reactant through the fint reactor 
zone; 

(b) feeding a second liquid reactant at a second pressure 
higher than the first pressure into a second reactor zone 
separated from the first reactor zone by a porous wall 
capable of being penetrated by the second liquid reac- 
tant; and 

(c) maintaining the pressure within the second reaction 
zone at all locations of the porous wall higher than the 
pressure in the first reaction zone at corresponding 
locations of the porous wall, to thereby inhibit any flow 
through the porous wall from the first reaction zone to 
the second reaction zone; 

whereby the second liquid reactant passes through the 
porous wall to contact the first liquid reactant in the first 
reactor zone and form the product. 

In still another embodiment, the present invention relates 
to an apparatus for forming a product by reaction of one or 
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more first reactants with one or more second reactants, 
which apparatus comprises: 

a reactor having one or more porous members therem 
dividing the reactor into first and second reactor zones 
capable of being maintained at different pressures; whereby 
the one or more first reactants in the reactor zone maintained 
at a higher pressure will pass through the one or more porous 
members into the reactor zone maintained at a lower pres- 
sure to contact one or more second reactants in the reactor 
zone maintained at a lower pressure to form the product. 

In still another embodiment, the present invention relates 
to any of the improved processes described herein, wherein 
the process further includes step (d), (e) and (f); 

(d) conveying a portion of the reaction product of step (c) 
to an evaporator; 

(e) separating volatile reactants or reaction products 
wherein the vapor pressure of the volatile reactants oi 
reaction products is about 1 mm of Hg or higher at the 
temperature of the reaction in step (c); and 



ibovefOfous poSon3J 

(f) optionally recycling all or a portion of all of the ^ into-tfae-firstjreac tant 

reaction product liquid now depleted of volatile reac .„4-^*,„f-;ntn m 

tants, reaction products or a combination thereof to the 
first reactor zone of step (a). 
In another aspect, the rates of flow of the first reactant m 
the reactor are cyclic (pulsatile) from a maximum flow rate 
in one direction to a rate of about a 20% reverse flow of the 
maximum flow rate, and return to maximum flow rate. 

In another aspect, the present invention also concerns a 
separation, e.g. a flash evaporation, of reactants or reaction 
products. This separation improves the yield of the final 
product by reducing unwanted side reactions and reduces the 30 
formation of unwanted by-products. 

BRIEF DESCRIPTION OF THE DRAWINGS 



phase wherein a first reactant, preferably a hquid reactant, is 
directly fed into a reaction zone containing mixing elements 
and which comprises a first compartment of a reactor^ 
second reactantwhic h ma\ be either a liquid or gaseou s 
rp5??;m;3n(t5j Eich is niaintained at a biRher P^^^ ^^ ^^^ 

feT^o^^me Mby a porous wall or bam gL. The s^a s^ 
reactant pass es lErough this porous^ wgjjnto_th6_teacuon 
zonF"cSn@ning_mixing_6lemcnis--to-rcart=wi*-4he- first 
reacgS5ndcr.controUed.i«actiqiLCOnditioM^ 
Basic Apparatus Useful in the Process 
Referring now to FIG. 1, the concept of the process of the 
invention is illustrated in its simplest form. Wthiaireactor 
2, a first rea ctor comoaitment or zone 10 and a second 
. reaetofcompa iSient or zone 20 are providKl, separat^ liy 
' a-wair30'Kaving a porous portion ii spaced nom ooih the 
top and bottom of wall 30. Reactorzone 10 is packedwith 
mixing f.lements_12, such a^mK Sm. preferably to a^e l 



^_3_Briorj£UratUBei£iSS 

secofldTeactant'iffioTc^ffiFMnclO. 

A first reactant 3, which is preferably in a liquid phase, is 
fed through an entrance port 14 into first reactor zone 10 and 
a second reactant 4, which is at a higher pressure than the 
pressure in first reactor zone 10. is fed through entrance port 
24 into second reactor zone 20. The second reactant 4 passes 
through porous wall portion 32 into first reactor zone 10 
where it reacts to form a product 5 which is removed from 
first reactor zone 10 via exit port 16. 

If desired, an exit port 26 is provided in second reactor 
compartment 20 to permit the second reactant 4 to be 
circulated through second reactor compartment 20, using a 
pump 22. As sho_wn in nG. 1. a heat exchanger 28 ma jjjie. 
optionally used to cool the circmanng second reactant to 



-TTT^ef erred mode, as shown in HGS. 2 and 3, the 
reaction w iBje carried out in a multiple mbe reactor 40, 
havrnfone or more tubes SO housed it " 



whet eiii a poiuor 



I of the wall of each tube S O^will 



FIG. 1 is a schematic represenution of a partially cutaway „^ -. .—. — 

vertical cross-sectional view illustrating the process of the 35 therebyremove s ome ollhejxothermic heat, 
invention being carried out in its simplest form. 

FIG. 2 is a schematic representation of a vertical cross- 
sectional diagrammatic view of an apparams suitable for use 
in carrying out the process of the invention. 

FIG. 3 is a top view, in cross-section of the apparatus of 
HG. 2 taken along lines 3 — ^3. 

HG. 4 is a schematic representation of a diagrammatic 
view of a series of stages of the apparatus generally illus- 
trated in FIGS. 2 and 3. 

FIG. 5 is a schematic representation of a graph depicting 
the temperature and the conical reaction interface along the 
flow line within a tubular reactor. 

FIG. 6 is a schematic representation of a diagrammatic 
Jlustration of the respective flows of F 
of the porous tube and Fluid B through the tube. 

FIG. 7A is a schematic representation of a cross-sectional 
view illustrating how the porosity of a porous tube may be 
varied along its length, with a shield over a portion of the 
porous tube. 

FIG. 7B is a schematic representation of a cross-sectional 
view illustrating how the porosity of a porous tube may be 
varied along its length, with the shield shown in FIG. 7A 
moved to expose a further portion of the porous tube. 



comprise porous material. Mixing elements 58 are placed 
within each tube 50 and a first reactant 3, which preferably 
is a liquid reactant, will be fed through an inlet port 42 in the 
top of reactor 40 into an inlet plenum or manifold 44 
connected to the open top end 54 of each tube 50. It will be 
noted that preferably mixing elements 58 are also placed in 
inlet manifold 44 so that mixing flow conditions are akeady 
created in the flow of first reactant in reactor 40 before the 
Ulus'tiiionofthercspective flows ofFluidAacross the walls first reactant reaches tubes 50 f ^fj^^f ^' ^f°f^*"^°- 
Tt^^lLus tube ^Fluid B through the tube. 5" auction of the second reactant 4 mto the flow stream. 

While 16 such tubes are illustrated in the reactor shown m 



HGS. 2 and 3, it vwU be understood that this is for iUustra- 
tive purposes only and a commercial embodiment for prac- 
ticing the process of the invention would utilize a large 
number of such tubes, e.g., as many as 50 or more such 
porous tubes. 

The second reactant 4 is introduced through a lirst side 
port 62 in shell 60 of reactor 40 at a higher pressure than the 
_ ^ „f fir«t reactant to circulate around all ofthc outside surfaces of 
no. 8 is a schematic representation of the appanim o 60 X" u<Sie porous portions 52 through which the 
cc ,.1,^ih-«r,-il V havmo rtip senaratorrorevaoorator) luoei au, mi-iuuiujj y _ , = ...... 



the process additionally having the separator (or evaporator) 
component and recycle mode. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention comprises an exothermic process 
for forming a chemical product which may be in a liquid 



second reactant is transported to contact and react with the 
first reactant 3 within tubes 50. 
The resultant product 5, as well as any unreacted reac- 
65 tants, may then exit via open bottom ends 56 of each tiibe 50 
into a second plenum or manifold 46 which, it will be noted, 
also contains mixing elements 58. This positioning of mix- 
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ing elements 58 along the entire length of each tube 50, even 
beyond the porous portion of each tube 50 and into lower 
manifold 46, is provided because there may be continued 
reaction between the first reactant 3 and second reactant 4 
even after the flow of product 5 and reactants (3 and 4) 
passes beyond the porous portion of each tube 50. Hiat is, 
the reaction zone may extend beyond the end of the porous 
portion of each tube 50. 
The product 5, as well as any unreacted reactants, may 



from about Vio to about of the diameter of the tube. Thus, 
if the reaction zones are located within 2 cm I.D. tubes 
having porous tube walls, spherical mixing elements utilized 
within the tubes will have diameters ranging from about 0.2 
millimeters (mm) to 10 mm, and preferably will range from 
about 2 mm to 6.7 mm. 

It should be further noted that while the presence of the 
mixing elements has been illustrated in the reaction zone, as 
well as in the region just prior to the mixing zone, the mixing 



leave reactor 40 via exit port 48 at the bottom of reactor 40. ^ elements may also be reset m the conduits leadmg from the 



An exit port 64 in sheU 60 of reactor 40 is also provided for 
the second reactant 4 to pennit circulation thereof, as well as 
possible additional use of the second reactant as a coolant for 
reactor 40, as discussed above. 
FIG. 5 is a schematic representation of a graph which 
3 the change in temperature and the conical reaction 



reactor to heat exchangers, and may even be used in the heat 
exchanger tubes as well. This is particularly true where the 
reaction zone, comprising the porous portion of a tube and 
the region of the tube beyond the porous region, is joined to 
a heat exchanger forming an extension of the same mbe, in 
which case the entire tube is advantageously packed with 
such mixing elements. 

The above configuration makes maximum uses of the tube 
volume. However, for many chemistries, the concern about 



interface 9A along the flow line within a porous tabular 
reactor, e.g. 52, having a reactor zone 9B. Within tube 52 is 

found a radial reaction zone 52A surrounded by a porous 

wall through which the second reactant 4 passes to react with effects of possible leakage between the shell side fluids, 

the first reactant 3. The finishing zone 9C is not porous. The second reactant, and the cooling water would preclude its 

average temperatures are shovra at various points in the tube. p^j. example, in the case of sulfonating an organic 

The graph illustrates that the temperature within the reactor compound, the second reactant 4 is SO3, which would be 

gradually rises with no hot spots in the reactor, e.g. 40. separated from the cooling water by a tube sheet. A pin hole 

The porous barrier 52 may or may not have catalytic 25 would produce hot sulfuric acid which would soon enlarge 

properties. Preferably tbe barrier or wall does not have the pin hole. In these cases, separate reactors and heat 

catalytic properties. exchanges would be preferred. 

Mixing Elements Used in Process Porous Material Used In the Process 

The presence of mixing elements 58 in the reaction zone The porous material initially separating the two reactants, 
provide a more thorough mixing of the reactants in the 30 and through which the second reactant passes, will generally 
reaction zone to prevent or inhibit the occurrence of hot comprise a material of controlled porosity, as opposed to a 
spots in the reaction zone which could result in creation or pore-free permeable membrane through which transport is 
concentration of excessive heat which could damage either by diffusion, since such pore-free membranes provide poor 
reactants or product. The mixing elements preferably com- rate performance due to the low transport rate across the 
prise inert materials such as glass or ceramic balls or other 35 membrane. The porosity and pressure are adjusted to pro- 
non-reactive packing type material such as Raschig rings or vide a minimum flow of the second reactant across the 
beryl saddles. In some embodiments, the mixing dements porous material, relative to the flow of the first reactant 

are stationary. In other embodiments, the mixing elements ' /-lo =„,iw « 

are mobile within the reaction zone. In one embodiment, the 
mixing elements do not have catalytic properties. 

It is also within the scope of the invention, in another 
embodiment, for the mixing elements to have catalytic 
properties as well, although it will be a^ipreciated that the 
main purpose of the mixing elements is to create multiple 
divisions and recombining of flow and thus provide for more 
thorough mixing of the reactants in the reaction zone in the 



the low pressure side of the porous material (32 and/or 52), 
sufficient to permit reaction of the fint reactant on the low 
pressure side with the second reactant passing through the 
porous material. 

However, the flow rate of the second reactant 4 across the 
porous material, i.e., the porosity and pressure used, must be 
adjusted to not exceed that flow rate which will provide 
either reaction between the reactants or dissolving of the 
second reactant 4 into the first reactant 3 on the low pressure 
side, i.e., a second phase (comprising the high pressure 
second reactant) should not be substantiaUy formed in the 



Thus, particulate catalysts conventionally utilized usually 
comprise finely divided materials characterized by high ^ reaction zone. By "substantially" is meant that not more than 
surface areas and short diSbsion distances to maximize the 10% of the high pressure second reactant passing through 

the porous material (32 and/or 52) should form a second 
phase in the reaction zone. 

Typically, the porous material will comprise a sintered 
metal. The porous material may comprise a high porosity 
(coarse) material which has been coated with a second 
material to control the pore size. For example, a porous 
stainless steel material may be coated with a non-reactive 
ceramic material such as zfrconia. This, for example, could 
be done by coating a commercially produced sintered stain- 
less steel tabe with finely divided zirconia or titania powder 
dispersed in a vehicle, allowing the vehicle to evaporate, and 
then firing the zfrconia (or titania)-coated mbe at a tempera- 
ture of 1000° C. 

The coating of the conmiercially produced porous tube 
may be carried out by pumping a slurry or suspension of the 
coating materials, e.g., zirconia or titania, through the walls 



contact area between catalyst and reactants, at the expense 
of high pressure drops, resulting in lower throughput or the 
need to utilize more energy in passing the reactants through 
such a catalyst bed. 5S 

In contrast, the mixing elements utilized in the process of 
the invention are much larger in size than conventional 
catalysts so that any negative impact on flow rates by the 
presence of such mixing elements will not be significant 

Preferably the mixing elements utilized in the process of 60 
the invention have a major dimension which ranges from 
about '/loo to about Vi, preferably from about Vio to about 
of the largest dimension in the plane of the reaction zone 
normal to the flow of the reactants through the reaction zone. 
For example, when the mixing elements comprise balls and 65 
the reaction zone comprises a cylindrical tube, the balls will 
have a diameter of from about Vioo to about Vi, preferably 
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of the porous tube, i.e., from the outside of the tube to the 
inside — or vice versa— until one achieved the desired poros- 
ity. When the coating or changing of the porosity is done by 
pumping a sluny from the outside to the inside of the porous 
tube, the need for heating to stabilize the porosity of the tube ' 
can sometimes be eliminated. 

In one embodiment of such modification of an existing 
porosity of porous tube 52, it may be advantageous to 
provide a variable or profiled porosity in porous tube 52. 
Referring to the graph of FIG. 6, the pressure of Huid B (aka 
7) traveling inside porous tube 50 gradually drops as Fluid 
B (7) flows within tube 52. This, in turn, means that the 
change in pressure AP, across the porous wall of tube 52 
increases along the tube in the direction of flow of Fluid B 15 
(7) (assuming that Fluid A (aka 6) has a constant pressure all 
along the length of tube 50 and/or 52). 

To compensate for this variable pressure drop across the 
wall of tube 52, there should be a continually decreasing 
porosity in the porous wall of tube 52. One way of achieving ^0 
this, as shown in FIGS. 7A and 7B, is to cover either the 
inside or outside surface of porous tube 52 with a sleeve 400 
which is slowly moved or retracted as the slurry 8 or 
suspension of the coating materials, e.g., zirconia or titania, 
is pumped through the walls of the porous tube. By varying 
the amount of material pumped through the porous walls of 
the tube along the length of the tube in this marmer, a 
profiled change in the porosity of the tube may be achieved, 
with the portion of the tube 8A exposed the longest to the 
coating materials having the lowest porosity and, therefore, ^ 
being located on the downstream end of the ilow of Fluid B 
(or 7) through the tube. 

The porosity of a porous metal substrate, such as a 
commercially available porous stainless steel tube, could 
also be modified by coating the porous tube with fine metal 
particles, and then sintering the coated tube at a temperature 
sufficiendy low to permit the particles to sinter to the porous 
substrate without fusing the porous substrate into a non- 
porous mass. Examples of metal powders which may be 
used, for example, with a porous stainless steel tube include *' 
stainless steel, nickel, and chromium. 

The porosity of the porous surface separadng the first 3 
and second reactants 4 will be selected to provide a volu- 
metric flow rate of second reactant through the porous ^5 
barrier which will result in the desired rate of reaction 
between the reactants. If the exothermic heat given off 
during the reaction is high, in accordance with the process 
of the invention, the reaction may be slowed by lowering the 
flow of the second reactant into the reaction zone. This may ^ 
be accomplished, in accordance with the present invention, 
by selecting a barrier material having a lower porosity. 

The viscosity of the reactant which is flowing through the 
porous barrier, as well as the pressure difference between the 
two sides of the porous barrier and the area of the porous 55 
barrier, also must be taken into account when attempting to 
adjust the volumetric flow of the second reactant across the 
porous barrier to thereby exercise control of the generation 
of exothermic heal in the reaction zone. This viscosity, if 
desired, may be further controlled or adjusted by blending «> 
product with the particular reactant before feeding the 
reactant into the reaction zone. 

When these parameters arc all taken into account, the 
porosity of a porous barrier of given area to a reactant of 
given viscosity at a given pressure differential across the 65 
barrier to achieve a particular volumettic flow rate may be 
■ n the following equation: 



wherein: 

V=volumetric flow rate of the reactant going through the 
porous banier, in cubic centimeters per second (cc/sec); 

A=the outside area of the porous barrier in square centi- 
meters (cm^); 

ti=ihe viscosity of the second reactant passing through die 

porous barrier in centipoise (cp); 
AP=the change or difference in pressure from one side of 
the porous barrier to the other side in pounds per square 
inch (psi); and 
Q=the viscosity normalized permeance of the porous 
barrier material in cm' cp/cm^ sec psi (where 1 pound 
per square inch (psi) is equal to 6894.7 pascal). 
It will, of course, be recognized that this "viscosity 
normalized permeance" of a given material will vary with 
the porosity of the material, the wall thickness of the porous 
barrier, and the wall morphology, since the porosity may not 
be uniform. In accordance with the invention, the Q value of 
the porous barrier initially used to separate the first and 
second reactants should range firom about 10~* to about 
5x10"^ om' cp/cm^ sec psi, preferably from about 10~* to 
about 10^ cm~cp/cm^ sec psi, and most preferably from 
about 5xlO~* to about 5x10"* cm^ cp/cm-^ sec psi, to provide 
the desired initial separation while still permitting adequate 
permeance of the second reactant through the barrier to 
permit the reaction to proceed. The mean pore diameter of 
tiie pores in the barrier, depending upon its application, may 
generally range from between about 0.01 and 50 miaome- 

The temperature range maintained in the reactor 40 may 
range from the lowest temperature at which the particular 
second reactant 4 will still pass through the porous material, 
and at which both reactants (3 and 4) will be in either the 
gaseous or liquid states, i.e., will not become solidified. 
Apan from this, the low end of the temperature range 
maintained within the reactor will usually depend upon the 
desired process economics since some reactions will be 
unacceptably slow if tiie temperature is maintained too low. 

The upper end of the temperature range maintained within 
die reactor will usually be from about 5° C. to about 200° C. 
below that temperature at which significant produa degra- 
dation or undesirable side product formation occurs. -By 
"significant" is meant 10% or more of the product degrades 
or 10% or more of the reaction product comprises die 
product of a side reaction. 

Usually the temperature within the reactor will be within 
a range of from about -50° C. to about 500° C. (depending 
upon the particular reactants), preferably from about 0° C. to 
about 400° C. (again depending upon tiie particular reac- 
tants) and more preferably between about 110° and 400° C. 
(depending upon the particular reactants). For example, the 
reactor will be maintained within a range of from about 100° 
C. to about 200° C. for an ethoxylation reaction, while for 
a typical sulfonation process, the reactor temperature main- 
tained within a range of from about -20° C. to about +100° 
C. 

The outict pressure of the reactor may be maintained at 
any conventional pressure used in state of the ait reactors 
consistent with the minimum pressure needed to obtain 
sufiScient desired product flow up to ttie maximum pressure 
which may be handled by downstream equipment, e.g., a 
high pressure needed to couple with downstream processing. 

Inlet pressures of the reactants must be consistent with the 
desired outiet pressure and the pressure drop within the 
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reactor. The differential in inlet pressure between the first 
and second reactants will be a function of the permeability 
of the second reactant — which will, in turn, be dependent 
upon the physical properties of the second reactant and the 
porosity of the porous niaterial in the apparatus. 

It should be noted that the pressure within the second 
reaction zone at all locations of the porous wall should be 
maintained higher than the pressure in the first reaction zone 
at corresponding locations of the porous wall, to thereby 
inhibit any flow through the porous wall from the first 
reaction zone to the second reaction zone. 
Reactions and Reactants Used in the Process 
There are many exothermic reactions which benefit from 
the application of this invention. By way of examples of 
reactions which may be carried out using the process and 
apparatus of the invention, and not by way of Umitation, 
there may be mentioned oxidations, halogenations, sulfona- 
tions, sulfations, nitrations, ethoxylations, hydrogenations, 
polymerizations and the like. State of the ait conditions for 
these reactions, therefore, extend over very broad ranges of 20 
temperature and pressure. 

To practice the present invention with these exothermic 
conditions, one of sMll in the art should select the conditions 
for the reaction first zone to be quite near those conditions 
used with state of the art reactors for the reactions consid- 25 
ered. The advantage of using the present invention is less 
local temperahire excursions within the reactor, and better 
control of the transport of reactants and products throughout 
the reaction zone and process yielding higher quality, and 
more uiuform reaction products. 30 

The respective flow rates of the reactants into the reactor 
will, of course, depend upon a number of parameters includ- 
ing those just discussed, as well as the overall size of the 
reactor. The relative rates of reactant flow, i.e., with respect 
to one another, will depend upon the particular reaction, 35 
including the amount of heat generated, as well as whether 
or not the process will be carried out in one or more stages. 

It may be desirable, when the process is conducted in a 
single stage apparatus, to circulate some of the product 
stream back to the inlet side of either or both reactants in 40 
some instances to thereby provide a further control of the 
reaction rate or to alter the viscosity of one of the incoming 
reactant flows. In the case of the first reactant 3, such 
dilution will result in less reactant present per given mass 
and heat capacity of this total flow going into the zone 1 of 45 
the reactor. Thus, the total exothennic heat of the reactions 
of all of this first reactant mixture 3 will result in a lower 
final temperature because of the larger heat capacity. Ad(U- 
tion of the product to the second reactant stream 4 will (in 
many cases) serve to increase the viscosity of the second 50 
reactant sti-eara passing through the porous barrier, thus 
decreasing the volumetric flow rate of second reactant 
passing through the porous barrier (in accordance with the 
previous equation) which will also serve to slow down the 
reaction and reduce the generation of exothermic heat. 55 
Multiple Stage Apparatus for Conducting the Process 
The prefened mode of operating the process of the 
invention will be in a plurality of stages, using, for example, 
in each stage, a shell and tube reactor such as previously 
described and illustrated in FIGS. 2 and 3, together with 60 
optional recirculation of product, optional addition of 
makeup reactants, and optional use of heat exchangers to 
control the overall temperature buildup as needed. 

Such apparatus is illustrated in block diagram form in 
FIG. 4 which illustrates three stages of operation of the 6; 
process of the invention. The first reactant from source 70 
travels via conduit 72 through valve 74 and pump 76 to an 



optional mixer 78 where the first reactant stream 3 may be 
optionally blended with a portion of tiie product stream from 
first reactor 100. The first reactant 3 then travels via conduit 
79 into first reactor 100, which may be a shell and tube 
reactor similar to reactor 40 previously depicted in FIGS. 2 
and 3. In this case, conduit 79 would be coimected to inlet 
manifold 44 (FIG. 2) within reactor 100 so that the first 
reactant 3 flows through the tubes containing mixing ele- 
ments within reactor 100 connected to inlet manifold 44. 

The second reactant 4, from second reactant source 80, 
passes via conduit 82 through valve 83 and then through 
conduit 84 to optional blender 89 and then through conduit 
85 to enter the shell portion of first reactor 100, As previ- 
ously described with respect to FIGS. 2 and 3, the second 
reactant 4 then passes from the shell through the porous 
portions of the tubes within reactor 100 to react with the first 
reactant 3 flowing tiirough the tubes. 

The resulting product 5, as well as any unreacted reac- 
tant(s), leave first reactor 100 via conduit 86, where the 
product stream splits into two streams. Conduit 87fl option- 
ally returns some of the product stream through valve 88a to 
optional blender 89 where it is blended wifli the second 
reactant stream and is then fed via conduit 85 into reactor 
100. The remainder of the product stt-eam passes through 
conduit 876 to valve 88* and then through heat exchanger 81 
and conduit 90. Conduit 90 then also splits mto two portions. 
Conduit 92 passes a portion of the product stream to the next 
stage, and conduit 94 through which one may optionally 
recirculate product 5 back to reactor 100. 

The portion of the product stream optionally recycled 
back to reactor 100 through conduit 94 passes through a 
valve 95 (which controls the ratio of product stream being 
recycled back to reactor 100) to pump 96 which is connected 
to mixer 78 via conduit 98. 

By shutting off both valves 88a and.95, all of flie product 
stream will be passed on to the subsequent stage of the 
apparatus, shutting off only one of valves 88a or 95 will 
respectively recycle the product stream back to only one of 
the initial reactant streams as desired. 

Similarly, the relative flows of the first and second reac- 
tants into reactor 100 may be contirolled by adjustment of 
valves 74 and 83, as well as valve 88b, either by itself (when 
valve 88a is shut off) or in conjunction with valve 88a, to 
control the flow rate through reactor 100. 

The portion of the product stream to be passed on to the 
next stage via line 92 passes through pump 176 to optional 
mixer 178 where it is optionally blended with recycled 
product from the second stage as well as with an optional 
flow of further first reactant from first reactant source 70 via 
line 172 and valve 174, which conti-ols the amount of fresh 
first reactant to be blended with the product stitam from 
reactor 100. 

The product stream from reactor 100, witii or without 
further amounts of fresh first reactant and recycled product 
from the second stage, is fed into second reactor 200 via line 
179. As previously described with respect to reactor 100, 
second reactor 200 would preferably be constructed simi- 
larly to reactor 40 illustrated in FIGS. 2 and 3, so tht 
incoming stream from line 179 would pass into the interior 
of the porous tubes of the reactor via the inlet manifold. 

Optional additional second reactant would then flow, via 
line 182 and valve 183 from second reactant source 80 to an 
optional blender 189 from which it would flow via conduit 
185 to the shell side of reactor 200. 

The product stream, emerging from reartor 200 via con- 
duit 186, is split into two sb-eams (as in the first stage). One 
stream which will flow via conduit 187a through valve 188a 
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to optional blender 189 where it can be blended with fresh 
second leactant. The other stream will flow via conduit 187b 
to valve 188ij and heat exchanger 181. The stream then flows 
via conduit 190 to a point where it again may be split 
between two streams to either pass on to the third stage via 5 
conduit 192 or to recirculate via condtiit 194 and valve 195 
back through ptimp 196 and conduit 198 to optional blender 
178 where the product stream may be blended with fresh 
first reaoant 3. 

Similarly, in the third stage, the product stream in conduit lo 
192 may be pumped through pump 276 to optional blender 
278 where it may be optionally blended with fresh first 
reactant 3 entering blender 273 from source 70 via conduit 
272 and valve 274, as well as with recycled product from 
reactor 300, as will be described below, before entering 15 
reactor 300 via conduit 279. Reactor 300 is also preferably 
be constracted in accordance with the previously described 
construction with respect to FIGS. 2 and 3. Thus, the 
incoEDing stream via conduit 279 enters the inlet manifold to 
be distributed to the porous tubes within reactor 300. 20 

Optional additional second reactant 4 would then flow, via 
line 282 and valve 283 from second reactant source 80 to 
optional blender 289 from which it would flow via conduit 
285 to the shell side of reactor 300. 

The product stream, emerging from reactor 300 via con- 25 
duit 286, is then split into two streams Cas in the first and 
second stages). One stream which will flow via conduit 287a 
through valve 288a to optional blender 289 where it can be 
blended with fresh second reactant 4. The other stream will 
flow via conduit 287i) to valve 288* and heat exchanger 281 . 30 
It then flows by way of conduit 290 to a point where it again 
may be split between two streams to either pass on to the 
product collection point 350 via conduit 292 or to recirculate 
via conduit 294 and valve 295 bade through pump 296 and 
conduit 298 to optional blender 278 where the product 35 
stream may be again blended with fresh first reactant 3. 

It should be noted that while the above description of a 
multiple stage apparatus includes descriptions of valves and 
conduits which make possible the recycling of portions of 
the product flow back to each reactor stage and which also 40 
make possible the blending of fresh first or second reactants 
at every stage, these options will rarely all be exercised 
simultaneously. Thus, it may be possible that no product will 
be recycled and no fresh first or second reactants added, with 
the subsequent stages merely acting as an extension of the 45 
reaction zone of the first stage. Alternatively, when stoichio- 
metric equivalents of both reactants have been initially fed 
into the first stage, only the recycling of product may be 
carried out, without any additional amounts of either reac- 
tant added to the streams entering the subsequent stages of 50 
the apparams. Finally, if a stoichiometric excess of one of 
the reactants is initially fed into the first stage, only signifi- 
cant amounts of the other reactant may be blended with the 
inlet streams to subsequent stages. However, even in such 
circumsumces, it may be necessary to add to subsequent 55 
stages minor increments of even the reactant initially added 
in stoichiometric excess to the first stage. 

As shown in the dotted lines in FIG. 4, connected lespec- 
tivCiyt meactors 100,' !tw, and 3(W. optional heat exchanger 
teoparcafcn compnsmg a beat exchanger changer 316, and a 6o 
'. ipuuHT 320,''may oe connected to one or more of the reactors ~ 
'^gjs m oy t cxm B ermic hejll getiteS6d m any or all of the 
l- geactprs as neeoeo^ ~ 

in tne suitonatioii of the methyl laura te (or other aUc yl 
lonfcftaln BSlfers), the suiiur tnoxifle lo methyl laurate feed 65 
ratio is between about 0.8 and 1.2 (preferably 1.05). The 
sulfonation reactor outlet temperature is between about 60° 
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and 100° C. (preferably about 74°-75° C.). The sulfonation 
pressure of the inlet is between about 250 and 350 psia 
(1.7x10* and 2.4x10*^ pascal) preferably about 300-306 psia 
(about 2.1 and 10* pascal). The outlet pressure is between 
about 50 and 100 psia (3.4x10'* and 6.9x10" pascal), pref- 
erably about 65 psia (4.4x10'* pascal). The residence time in 
the reactor is between about 1 and 4 sec. (preferably about 
2.3 sec). The conversion of methyl laurate is high, generally 
between about 90-99% (usually about Sn-9i%). The selec- 
tivity to produce alpha-sulfomethyl laurate is high, generally 
between about 90 and 99% (usually about 95-96%). 

In one embodiment, a reactor of the present invention has 
an overall sheU size of about 40-60 in (100-150 cm) in 
length, preferably about 45 in (114 cm), and a diameter of 
about 15-25 in (38-63 cm), preferably 19-20 in (48-51 cm). 
The number of porous mbes is between about 150 and 220 
(preferably about 189-190). The porous mbes have between 
about 0.6-2.54 cm inside diameter (I.D.) (preferably about 
1.6 cm) and an outside diameter (O.D.) of between about 
1.27 and 3.8 cm, preferably about 2.2 cm. The reactor has 
between about 75 and 125 cm of active length, preferably 
about 100 cm. The mixing elements and mixing balls having 
a diameter of between about 0.5 and 0.1 cm, preferably 
about 0.25 cm. 

Pulsatile Row 

In one embodiment referring to FIGS. 1 and 3, the 
exothermic reactor process uses, with the first reactant 3, a 
slurry of a catalyst 12A in reactor 10. The flow of catalyst 
slurry 12A with the mixing elements 12 occurs such that the 
flow rate of the first reactant 3 changes as a function of time. 
This flow rate change may be referred to as pulsatile (or 
pulsed) flow e.g. a sine wave, square wave, irregular wave, 
etc.. The pulsed flow prevents the accumulation of solid 
catalyst particles 12A at fixed points on the mixing elements 
12. This accumulation of catalyst particles 12A is not desired 
because it changes the flow characteristics in mixing in the 
reaction zone and may ultimately block the flow of catalyst 
or reactant or both. 

Preferably, the pulsed flow changes with time in a cyclic 
manner. For instance, the rate of flow of catalyst slurry may 
change in the cycle bom maximum flow to a level of about 
80% of the maximum rate of flow. Preferably, the rate of 
flow of catalyst slurry cycles down to a level of about 50% 
of the maximum rate of flow of the catalyst slurry, then 
rctimis to the maximum flow rate. Preferably, the rate of 
flow of catalyst slurry cycles down to a level of about 20% 
in the reverse direction of the maximum rate of flow of the 
catalyst 12A, then returns to about the maximum flow rate 
in the original direction of flow. 

In the pulsed flow, a typical example is the reaction of 
hydrogen with an alkene using a flowing slurry of Raney 
nickel catalyst particles suspended in the alkane. The maxi- 
mum rate of flow of the reactant suspended catalyst cone- 
sponds to residence limes of between about 0.5 to 6000 sec. 
Ths flow rate can change to achieve a rate of flow of between 
about 80% and -20% rnVsec. of maximum. After remaining 
at this reduced flow rate (about 50% of maximum) for 
between about 0. 1 and 1 000 sec, the rate of flow is increased 
back to the maximum flow rate. 

Separation (e.g., Evaporation) of Reaction Products 

In one embodiment, the present invention is improved by 
removal of voladle reaction products. The volatile reaction 
products or reactants are those having a vapor pressure of 
about 1 mm of Hg or higher at the reacdon temperature of 
the reaction of step (c). Referring now to FIGS. 2 and 8, 
reactor 40 is one having a shell 60 and having multi tube 
porous barrier reactors 50. The second reactant 4 enters 
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through inlet 62 via line 62A and is forced under pressure 
from the shell side through the porous barrier 52 into a 
recirxailation stream of product 48A. The second reactant 
can be removed or recycled via line 64A at outlet 64. The 
first reactant is introduced to the reactor 60 via inlet 42 via 5 
line 42Ain a continuous (or a pulsed) sUeam in the tube side 
of the reactor. A recycle loop of lines 48A and 48B, 
evaporator 500. and line 48D has a flash evaporator 500 to 
remove the volatile products of the reaction. The reaction 
products (or multiple components) is conveyed from outlet 10 
48 via line 48 A and 48B to an optional cooler 501 and then 
as a liquid via line 48B to the evaporator 500. The volatile 
reaction products are removed as a vapor via line 48C. The 
liquid product is conveyed via line 48D to line 42A, and then 
is recycled through the primary reactor 40. In effect, a steady 15 
state loop is created for maximum heat removal. The volatile 
reaction products are removed which prevents their further 
reaction and the formation of undesirable side products, and 
usually permits the operation of the primary reactor at higher 
temperatures, as compared to the system which does not 20 
have the evaporator, e.g. from about 520 C. up to about 200° 
C. higher than the reaction systems not having the evapo- 
rator. 

The fields of use for the present invention include, but are 
not limited to, formation of a pesticide, a fungicide, a 25 
rodenticide, an insecticide, a herbicide, a pharmaceutical, a 
surfactant, a demulsifying agent, a fabric treatment agent, a 
hydrocarbon solvent, a hydrocarbon fuel, an organic poly- 
mer, a synthetic lubricant, a halogenated hydrocarbon, a fire 
retardant and the like. 30 

Surfactants which are prepared according to the present 
invention, include hut are not limited to, alkyl benzene 
sulfonates, linear alkylbenzene sulfonates, secondary alkane 
sulfonates, alpha olefin sulfonates, alkyl glyceryl ether sul- 
fonates, methyl ester sulfonates, natural fat sulfonates, alco- 35 
hoi sulfates, alcohol ether sulfates and the like. 

The following examples serve to further explain and 
describe the present invention. They are not to be construed 
to be limiting in any way, 

40 

EXAMPLE! 
Ester Sulfonation (SO3 High How Rate) 
(a) Fresh methyl laurate, having a viscosity of 2 cp, may 
be fed at a rate of 550 grams/sec into a mixer where it 45 
is mixed with a 5650 grams/sec flow of recycled 
product and the resulting mixture is fed, at a tempera- 
ture of about 38° C. (-100° F.) and a pressure of about 
340 psia (2.3x10* pascal (where 1 psia— 6894.7 pas- 
cal)) into the top of 85 porous wall tubes ananged 50 
vertically in a bundle in a cylindrical reactor having an 
inside diameter (ID) of about 20 in. (50.8 cm) Each 
tube has an ID of about %" (1.91 cm), and has a 110 cm. 
length of porous metal comprising stain-less steel fab- 
ricated by powder metallurgy to have a nominal pore 55 
size of generally about 0.2 microns (jmieters) and a 
viscosity normalized permeance of about 0.0037 cm* 
cp/cm^ sec psi. 
The tubes are each packed with inert glass balls, each 
having a diameter of 0.320 cm., up to a distance of 10 cm. 60 
above the porous portion of each tube and also extending to 
the bottom of each tube, i.e., beyond the porous portion of 
the tube in the direction of reactant flow. 

On the shell side of the reactor, 205 grams/second of 
liquid SO3 may be mixed with a 760 grams/sec flow of 65 
recycled product at a temperature of about 38° C. (-100° F.) 
and a pressure of about 350 psia (2.4x10* pascal) and fed 
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into the shell porUon of the reactor to pass through the 
porous mbes and react with the methyl laurate therein. 

The resulting product stream, leaving the reactor at a 
temperature of about 74° C. (-165° F.) and a pressure of 
about 65 psia (4.5x10^ pascal), is fed through a heat 
exchanger containing 1350 tubes having an ID of 1.91 cm 
and 240 cm in length, and also packed with 0.32 cm 
diameter inert glass balls. 

The sulfonated methyl laurate product from such a reactor 
system will be uniform and low in unwanted products and 
substantially higher in quality than that obtained from state 
of the art reactor technology. This is because there is no 
temperature peak typical of the entry region of a falling fihn 
reactor and because there is even distribution of reactant all 
along the reactor length in the process of the invention. 

(b) Similarly, the reaction described in Example 1 (a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
linear alkylbenzene. the corresponding linear alkylben- 
zenesulfonic acid is obtained. These are useful as 
surfactants. 

(c) Similarly, the reaction described in Example I (a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
phenol, and the corresponding mixture of hydroxybcn- 
zenesulfonic acids are obtained. 

EXAMPLE n 
Ester Sulfonation (SO3 Lower Flow Rate) 
(a) Fresh methyl laurate, having a viscosity of 2 cp, may 
be fed at a rate of 550 grams/second into a mixer where 
it is mixed with a 6400 grams/sec flow of recycled 
product and the resulting mixture is fed, at a tempera- 
ture of about 38° C. (-100° F.) and a pressure of about 
265 psia (1.8x10" pascal) into the top of 125 porous 
wall tubes arranged vertically in a bundle in a cylin- 
drical reactor having an ID of about 20 inches. Each 
tube has an ID of about %" (1 .91 cm), and has a 1 10 cm. 
length of porous metal comprising stainless steel fab- 
ricated by powder metallurgy and coated with zirconia 
to have a viscosity normalized permeance of about 
1.2x10-= cm' cp/cm^ sec psi. 
The tubes are each packed with inert glass balls, having 
a diameter of 0.320 cm., up to a distance of 1 0 cm. above the 
porous portion of each tube and also extending to the bottom 
of each tube, i.e., beyond the porous portion of the tube in 
the direction of reactant flow. 

On the shell side of the reactor, liquid SO3 may be 
introduced into the reactor, without mixing with recycled 
product, at a flow rate of about 205 grams/sec flow, and at 
a temperatare of about 38° C. (-100° F.), and a pressure of 
about 350 psia (2.4x10" pascal) to pass through the porous 
tubes and react with the methyl laurate therein. 

The resulting product stream leaving the reactor at a 
temperature of about 74° C. (-165° R) and a pressure of 
about 65 psia (4.5x1 0* pascal) is fed through a heat 
exchanger similar to that described in Example I. The 
resulting sulfonated methyl laurate product will again be 
uniform and low in unwanted products and substantially 
higher in quality than that obtained from slate of the art 
reactor technology, 
(b) Similarly, the reaction described in Example II (a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
linear alkylbenzene, the corresponding linear alkylben- 
zenesulfonic acid is obtained. 
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(c) Similarly, the reaction described in Example 11(a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
phenol, and the corresponding mixture of hydroxyben- 
zenesulfonic acids are obtained. 5 

EXAMPLE m 
Ester Sulfonation, Multiple Stages 
(a) To illtistiate the use of multiple stages of the process lo 
of the invention, when products with particularly low 
levels of impurities are desired, three shell and tube 
reactors similar to those used in Examples I and n may 
be used. The porous wall portion of each tube would be 
110 cm in length and the inner diameter of each would IS 
be 1.91 cm (%). The porous portion of each tube may 
be fabricated from a stainless steel powder metallurgy 
and coated with zirconia to provide a viscosity normal- 
ized permeance of 1.2x10"' cm' cp/cm^ sec psi and 
each tube could be filled with 0.32 cm diameter inert 20 
glass balls to 10 cm above and below the porous portion 
of the tube. In each reactor, the tubes would be located 
in a 50.8 cm (20 in) diameter shell. Each reactor may 
be connected to a heat exchanger having tubes with a 
diameter of 1.91 cm ID filled with the same inert 0.32 25 
cm diameter spherical glass mixing dements used in 
the reactors. The length of the tubes could be varied for 
different stages. 
In the first stage, a 550 grams/sec flow of fresh methyl 
lauiate may be mixed with 2900 grams/sec of cooled 30 
recycled product from the first stage and introduced into a 46 
tube reactor first stage at a temperature of 38° C. (100° F.) 
and a pressure of 155 psia (1.1x10* pascal). 
About 50% (103 grams/sec) of the total SO3 is introduced 
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coming from this third heat exchanger, 760 grams/sec of 
product are withdrawn, while the remaining 320 grams/sec 
of cooled product are recycled as previously described. 

The resulting sulfonated methyl laurate product wOl again 
be uniform and low in unwanted products and substantially 
higher in quality than that obtained from state of the art 
reactor technology. 

(b) Similarly, the reaction described in Example m (a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
linear alkylbenzcne, the corresponding linear allcyiben- 
zenesulfonic acid is obtained. 

(c) Similarly, the reaction described in Example HI (a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
phenol, and the corresponding mixture of hydroxyben- 
zenesulfonic acids are obtained. 



EXAMPLE IV 
Ester Sulfonation, Small Temperature Increase 
(a) To illustrate a modification of the process of the 
invention, where all of the SO3 is introduced in one 
stage with a very low rise in temperature because of the 
high recycle rate, and a second stage is provided 
operating at a substantially higher temperature to allow 
any rearrangement of SO3 among the molecules in the 
product from the first reactor stage, methyl laurate may 
be introduced into a reactor containing 200 tubes, each 
having the same dimensions and viscosity normalized 
permeance as in Example II, 
The flow rate of fresh methyl laurate is also the same as 
in Example n, i.e, 550 grams/sec, but the amount of recycled 



as a liquid into the sheU side of the first stage reactor at 350 35 product blended with the methyl laurate prior to introduction 



psia and a temperanire of 38° C. The resultant product flow, 
having a temperatiue of about 74° C. (165° R) and a 
pressure of 65 psia (4.5x10^ pascal), is fed into a heat 
exchange containing 45 of the 0.6 meter long tubes filled 
with mixing elements. 40 

From the output of the first stage heat exchanger, 655 
grams/sec is mixed with 1775 giams/sec of cooled product 
stream from the second stage and fed into 36 tubes com- 
prising the second stage reactor at a temperature of 38° C. 
(100° F.) and 200 psia (1.4x10* pascal). The other 2900 45 
grams/sec of cooled, product from the first stage may be 
recycled back to the first stage reactor as described above. 

About 35% (72 grams/sec) of the total amount of SO3 is 
introduced as a liquid into the shell side of the second stage 



into the tubes is 10,750 giams/second, i.e., much higher than 
Example n, resulting in more thermal mass and, therefore, 
a commensurate reduction in the temperature rise from the 
fixed exothermic heat generated. The combined stream 
enters the tubes of the reactor at 38° C. (100° F.) and 285 
psia (1.96x10* pascal). 

On the shell side of the reactor a stream of 205 grams of 
liquid SO3 is introduced into the reactor at a temperature of 
38° C. (100° R) and a pressure of 290 psia (2.0x10* pascal). 

The product flow exiting the reactor then is circulated 
through the same mixing element-filled heat exchanger as in 
Example I and a product flow of about 760 grams/sec is 
withdrawn from output of the heat exchanger (with the 
balance recycled back to the reactor), mixed with a flow of 



reactor at 350 psia (2.4x10* pascal) which will result in a so about 6000 grams/sec of recycled product from a mixing 



product flow exiting the second stage reactor at 65 psia 
(4.5x10^ pascal) and a temperature of 74° C. (165° F.). This 
product flow is then cooled by feeding it into 115 1.3 meter 
long mixing element-filled tubes in the second sUge heat 
exchanger. 5 

From the second stage recirculating loop downstream of 
the second stage heat exchanger, 725 grams/sec of product 
flow is mixed with 320 grams/sec of cooled product from the 
third stage and introduced into the 1 9 tube third stage reactor 
at a temperature of 38° C. (100° F.) and a pressure of 265 6 
psia (1.8x10° pascal). In this stage the remaining 15% of the 
SO3 is introduced at a temperature of 38° C. and a pressure 
of 115 psia (1.1x10* pascal). 

The product flow from the third stage reactor tubes leaves 
the reactor at 65 psia and 74° C. (165° F.) and enters a heat ( 
exchanger containing 200 of the 2.3 meter tubes which are 
also filled with mixing elements. From the recirculating loop 



tank, and pumped to the tube side of a heat exchanger where 
it is heated to have an exit temperature of 82° C. (180° P.). 
This flow goes to the mbdng tank which is sized to have a 
residence time of about 15 minutes. This time at elevated 
temperature allows any rearrangement of the materials in the 
product to closely approach equilibrium. TTie product is 
continuously withdrawn from the mixing tank at 760 grams/ 
sec and cooled for storage or use. 

In this regard, it should be noted that such a mixing tank 
is filled with the product from the last operation. The first 
time the apparatus is started, the tank is filled from the low 
temperature reactor. The mixing tank can have any type of 
stirring or agitation means within it, including mixing ele- 
ments. For example, some molecules could contain two 
attached SO3 groups and other molecules have no SO3 
groups attached. The breaking of a SO3 group away from a 
molecule with two such groups and the combination of an 
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SOj group with a molecule withoul an SO3 group on it 
would not generate substantial net heat in the mixing tank. 

Again, the resulting product will be uniform and low in 
unwanted products and substantially higher in quality than 
that obtained from stale of the art reactor technology. ; 

(b) Similarly, the reaction described in Example W (a) 
above is repeated except that the methyl laurate is 
replaced by a stoichiometrically equivalent amount of 
linear alkylbenzene the corresponding linear alkylben- 
zenesulfonic acid is obtained. ' 

(c) Similarly, when , the reaction described above in 
Example IV (a) is repeated except that the methyl 
laurate is replaced by a stoichiometrically equivalent 
amount of phenol, the corresponding mixture of 
hydroxybenzenesulfonic acids are obtained. 

EXAMPLE V 

Alcohol and Ethylene Oxide 

(a) Fresh tridecyl alcohol, having a viscosity of 1 cp, may 20 
be fed at a rate of 270 grams/second into a mixer where 
it is mixed with a 12,300 grams/sec flow of recycled 
product and the resulting mixture is fed, at a tempera- 
ture of about 121° C. (-250° F.) and a pressure of about 
80 psia (5.5x10^ pascal) into the top of 585 porous wall 25 
tubes arranged verticaUy in a bundle in a cylindrical 
reactor having an ID of about 30 inches. Each tube has 
an ID of about y»" (1.59 cm), and has a 100 cm. length 
of porous metal comprising stainless steel fabricated by 
powder metallurgy and coated with zirconia to have a 30 
viscosity normalized permeance of about 1.2x10"' cm^ 
cp/cm^ sec psi. 
The tubes are each packed with inert glass balls, having , 
a diameter of 0.265 cm., up to a distance of 10 cm. above the 
porous portion of each tube and also extending to the bottom 35 
of each tube, i.e., beyond the porous portion of the tube in 
the direction of reactant flow. 

On the shell side of the reactor, gaseous ethylene oxide 
may be introduced into the reactor, without mixing with 
recycled product, at aflow rate of about 532 grams/sec flow, 40 
and at a temperamre of about 121° C. (-250° R), and a 
pressure of about 250 psia (1.7x10" pascal) to pass through 
the porous tubes and react with the tridecyl alcohol therein. 

The resulting product stream leaving the reactor at a 
temperature of about 199° C. (-300° F.) and a pressure of 45 
about 65 psia (4.5x10^ pascal) is fed through a heat 
exchanger similar to that described in Example I. The 
resulting ethoxylated tridecyl alcohol product will have a 
very unitary product distribution and be low in unwanted 
products and substantially higher in quality than that 50 
obtained from state of the art reactor technology. 

Thus, the present invention provides a process for carry- 
ing out an exothermic process wherein the flow of second 
reactant into the reaction zone is controlled, to thereby 
control the reaction and the amount of exothermic heat 55 
generated, by the use of a porous barrier which restricts the 
amount of second reactant flowing across the porous barrier 
into the reaction zone. Such control of the reaction and 
generation of exothcnnic heat, while providing adequate 
mixing of the reactants in the reaction zone to ensure 60 
homogeneous reaction and heat generation in the reaction 
zone, results in a product which, as mentioned above in the 
examples, is uniform and low in unwanted products and 
substantially higher in quality than that obtained from state 
of the art reactor technology. « 

While the present invention has been described with 
reference to the specific embodiments thereof, it should be 



understood by those skilled in the art of chemical processmg 
and control of an exothermic reaction in a reaction zone by 
use of a porous barrier between a first reactant and a second 
reactant having mixing elements in the reaction zone as 
described herein. The use of a porous barrier and mixing 
elements in chemical processing applications is such that 
various changes may be made and equivalents may be 
substituted without departing from the true spirit and scope 
of the present invention. In addition, many modifications 
may be made to adapt a particular situation, material, or 
composition of matter, process, process step or steps, or the 
present objective to the spirit and scope of this invention, 
without departing from its essential teachings. 
We claim: 

1. A process for forming a reaction product fluid by 
reaction of one or more first reactants and one or more 
second reactants, which process comprises: 

(a) feeding into a first reactor zone having mixing ele- 
ments therein said one or more first reactants at a first 
pressure; 

(b) feeding one or more of said second reactants at a 
second pressure higher than said first pressure into a 
second reactor zone which is separated from said first 
reactor zone by a porous wall which is capable of being 
penetrated by said second reactant at multiple sites to 
produce in said first reactor zone a resulting mixture 
having components selected from the group consisting 
of said reaction product fluid, unreacted said first 
reactant, unreacted said second reactant and combina- 
tions thereof; and 

(c) maintaiiung the pressure within said second reaction 
zone higher than the pressure in said fint reactor zone 
at corresponding locations along the length of said 
porous wall, to thereby inhibit any flow of the compo- 
nents of said first reactor zone which are selected from 
the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted second reactant 
and combinations thereof through said porous wall 
from said first reactor zone to said second reactor zone; 

wherein said one or more second reactants pass once 
through said porous wall to contact said one or more 
first reactants in said first reactor zone and form said 
reaction product fluid comprising a liquid, a gas or 
combinations thereof in said first reactor zone, and the 
components of said first reactor zone which are selected 
from the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted said second 
reactant and combinations thereof exit only from said 
first reactor zone, 
wherein said porous wall through which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
IQT^ to about 5x10'^ cm^ cp/cm^ sec psi. 
2. The process of claim 1 wherein a portion of the product 
flow from said reactor is recycled back and blended with 
said one or more first reactants being fed into said first 



3. The process of claim 1 wherein a portion of the product 
flow from said reactor is recycled back and blended with 
said one or more second reactants being fed into said second 
reactor zone. 

4. The process of claim 1 wherein at least one of said 
reactants is a liquid. 

5. The process of claim 4 wherein at least one of said one 
or more said first reactants is a liquid. 

6. The process of claim 4 wherein at least one of said one 
or more second reactants is a liquid. 
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7. The process of claim 4 wherein at least one of said one 
or more first rcactants is a liquid and at least one of said one 
or more second reactants is a liquid. 

8. The process of claim 1 wherein the temperature of each 
of said reactants being fed into the respective reaction zones 5 
is within a range of from about -50° C. to about 500° C. 

9. The process of claim 1 wherein the pressure of each of 
said first reactants and said second reaaants being fed into 
the respective reaction zones is within a range of from about 
14 psia to about 1000 psia, with the pressure of said one or lo 
more second reactants being greater than the pressure of said 
one or more first reactants. 

10. The process of clam 1 wherein all or a portion of said 
product is recycled back to said first reactor zone. 

11. The process of claim 10 wherein all or a portion of is 
said product is cooled and then recycled back to said first 
reactor zone. 

12. The process of claim 1 wherein said porous wall 
comprises one or more porous tubes which separate said first 
reactor zone from said second reactor zone. 20 

13. A process for forming a reaction product fluid by 
reaction of one cr more first reactants and one or more 
second rcactants, which process comprises: 

(a) feeding into a first reactor zone having mixing ele- 
ments therein said one or more first reactants 
pressure; 

(b) feeding one or more of said second reactants at a 
second pressure higher than said first pressure into a 
second reactor zone which is separated from said first 
reactor zone by a porous wall which is capable of being 
penetrated by said second reactant at multiple sites lo 
produce in said first reactor zone a resulting mixture 
having components selected from the group consisting 
of said reaction product fluid, unreacted said first 
reactant, unreacted said second reactant and combina- 
tions thereof; and 

(c) maintaining the pressure within said second reaction 
zone higher than the pressure in said first reactor zone 
at conesponding locations along the length of said ^ 
porous wall, to thereby inhibit any flow of the compo- 
nents of said first reactor zone which are selected from 
the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted second reactant 
and combinations thereof through said porous wall ^5 
from said first reactor zone to said second reactor zone; 

wherein said one or more second reactants pass once 
through said porous wall to contact said one or more 
first reactants in said first reactor zone and form said 
reaction product fluid comprising a liquid, a gas or 50 
combinations thereof in said first reactor zone, and the 
components of said first reactor zone which are selected 
from the group consisting of said reaction product fluid, 
unreacted said first reactant. unreacted said secoiid 
reactant and combinations thereof exit only from said 55 
first reactor zone, wherein said product flow from said 
reactor is first passed through a heat exchanger before 
said portion of said product flow is recycled back and 
blended with said one or more first reactants being fed 
into said first reactor zone, 60 

wherein said porous wall through which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
l(r* to about 5x10"^ cm^ cp/cm^ sec psi. 

14. A process for forming a reaction product fluid by 65 
reaction of one or more first rcactants and one or more 
second reactants, which process comprises: 



(a) feeding into a first reactor zone having mixing ele- 
ments therein said one or more first reactants at a first 
pressure; 

(b) feeding one or more of said second reactants at a 
second pressure higher than said first pressure mto a 
second reactor zone which is separated from said first 
reactor zone by a porous wall which is capable of being 
penetrated by said second reactant at multiple sites to 
produce in said first reactor zone a resulting mixture 
having components selected from the group consisting 
of said reaction product fluid, unreacted said first 
reactant, unreacted said second reactant and combina- 
tions thereof; and 

(c) maintaining the pressure witiiin said second reaction 
zone higher than the pressure in said first reactor zone 
at corresponding locations along the length of said 
porous waU, to thereby inhibit any flow of the compo- 
nents of said first reactor zone which are selected from 
the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted second reactant 
and combinations thereof through said porous wall 
from said first reactor zone to said second reactor zone; 

wherein said one or more second reactants pass once 
tiirough said porous wall to contact said one or more 
first reactants in said first reactor zone and form said 
reaction product fluid comprising a liquid, a gas or 
combinations thereof in said first reactor zone, and the 
components of said first reactor zone which are selected 
from the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted smd second 
reactant and combinations thereof exit only from said 
first reactor zone, 
wherein a portion of the product flow from said reactor is 
recycled back and blended witii said one or more 
second reactants being fed into said second reactor 
zone, and, 

wherein said produa flow from said reactor is first passed 
through a heat exchanger before said portion of said 
product flow is recycled back and blended with said 
one or more second reactants being fed into said second 
reactor zone, 

wherein said porous wall tiirough which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
10-* to about 5x10-^ cm' cp/cm^ sec psi. 
15. A process for forming a reaction product fluid by 
reaction of one or more first reactants and one or more 
second reactants, which process comprises: 

(a) feeding into a first reactor zone having mixing ele- 
ments tiierein one or more first reactants at a first 
pressure; 

(b) feeding one or more second reactants at a second 
pressure higher than said first pressure into a second 
reactor zone separated from said first reactor zone by a 
porous wall which is capable of being penetrated by 
said one or more second reactants at multiple sites to 
produce in said first reactor zone a resulting mixture 
having components selected from ttie group consisting 
of said reaction product fluid, unreacted said first 
reactant, unreacted said second reactant and combina- 
tions thereof; and 

(c) maintaining the pressure within said second reaction 
zone higher dian tiie pressure in said first reaction zone 
at corresponding locations of said porous wall, to 
tiiereby inhibit any flow of the components of said first 
reactor zone which are selected from die group con- 
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sisting of said reaction product fluid, unreactcd said 
first reactant, unreacted second reactant and combina- 
tions thereof through said porous wall from said first 
reactor zone to said second reactor zone; 

wherein said one or more second rcactants pass through 5 
said porous wall to contact said one or more first 
reactants in said first reactor zone and form said reac- 
tion product fluid comprising a liquid, a gas or com- 
binations thereof in said first reactor zone, and the 
components of said first reactor zone which are selected jq 
from the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted said second 
reactant and combinations thereof exit only from said 
first reactor zone, and the temperature of the reaction is 
between about 0° and 400° C, 

wherein said porous wall through which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
10"* to about 5x10"^ cm' cp/cm^ sec psi. 

16. The process of claim 1 wherein said mixing elements 
in said first reactor zone have at least one dimension which 
is equal to from about Vj to about Vioo of the largest 
dimension of said first reactor zone wherein said one dimen- 
sion and said largest dimension are measured in the dimen- 
sion which is perpendicular to the flow of said one or more 
first reactants through said first reactor zone. ^5 

17. The process of claim 16 wherein said mixing elements 
in said first reactor zone have at least one dimension equal 
to from about Va to about Vio of the largest dimension of said 
first reactor zone normal to the flow of said one or more first 
reactants through said first reactor zone. 30 

18. The process of claim 15 wherein said porous wall 
comprises one or more porous tubes which separate said first 
reactor zone from said second reactor zone. 

19. The process of claim 1 wherein the reaction occurring 

in zone one is selected from the group consisting of oxida- 35 
tion, sulfonation, hydrogenation, halogenation, ethoxyla- 
tion, sulfation, nitration, and polymerization. 

20. The process of claim 1 wherein the reaction is 
oxidation. 

21. The process of claim 1 wherein the reaction is ^ 
sulfonation. 

22. The process of claim 1 wherein the reaction is 
hydrogenation. 

23. The process of claim 1 wherein the reaction is 
halogenation. 

24. The process of claim 1 wherein the reaction is 
nitration. 

25. The process of claim 1 wherein the reaction is 
polymerization. 

26. An exothermic process for forming a reaction product 
fluid by reaction of one or more first liquid reactants with 
one or more second liquid reactants, which process com- 
prises; 

(a) feeding one or more first liquid reactants at a first 
pressure through a first reactor zone having mixing jj 
elements therein; 

(b) feeding one or more second liquid reactants at a 
second pressure higher than said first pressure into a 
second reactor zone which is separated from said first 
reactor zone by a porous wall wlich is capable of being so 
penetrated at multiple sites to produce in said firet 
reactor zone a resulting mixture having components 
selected from the group consisting of said reaction 
product fluid, unicacted said first reactant, unreactcd 
said second reactant and combinations thereof; and 55 

(c) maintaining the pressure within said second reaction 
zone higher than the pressure in said first reaction zone 
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at corresponding locations of said porous wall, to 
thereby inhibit any flow of the components of said first 
reactor zone one which are selected from the group 
consisting of said reaction product fluid, unreacted said 
first reactant, uiueacted second reactant and combina- 
tions thereof through said porous wall from said first 
reactor zone to said second reactor zone; 

wherein said one or more second liquid reactants pass 
once through said porous wall to contact said one or 
more first liquid reactants in said first reactor zone and 
form said reaction product fluid only in said first reactor 
zone, and the components of said first reactor zone 
which are selected from the group consisting of said 
reaction product fluid, unreacted said first reactant, 
unreacted said second reactant and combinations 
thereof exit only from said first reactor zone, 

wherein said porous wall through which said one or more 
second rcactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
10~* to about 5x10"^ cm' cp/cm^ sec psi. 

27. The process of claim 26 wherein said mixing elements 
in said first reactor zone have at least one dimension which 
is equal to from about Yi to about Vioo of the largest 
dimension of said first reactor zone wherein said one dimen- 
sion and said largest dimension are measured in the dimen- 
sion which is perpendicular to the flow of said one or more 
first reactants through said first reactor zone. 

28. An exothermic process for forming a reaction product 
fluid by reaction of one or more liquid first reactants with 
one or more second reactants, at least one of which is 
gaseous, which comprises: 

(a) feeding said one or more liquid first reactants at a first 
pressure through a first reactor zone having mixing 
elements therein; 

(b) feeding said one or more second reactant, at least one 
of which is gaseous at ambient conditions, at a second 
pressure higher than said first pressure into a second 
reactor zone which is separated from said first reactor 
zone by a porous wall which is capable of being 
penetrated by said one or more second reactants at 
multiple sites to produce in said first reactor zone a 
resulting mixture having components selected from the 
group consisting of said reaction product fluid, unre- 
acted said first reactant, imreacted said second reactant 
and combinations thereof and 

(c) maintaining the pressure within said second reaction 
zone higher than the pressure in said first reaction zone 
at corresponding locations of said porous wall, to 
thereby inhibit any flow back of the components of said 
first reactor zone which are selected from the group 
consisting of said reaction product fluid, unreacted said 
first reactant, unreacted second reactant and combina- 
tions thereof through said porous wall from said first 
reactor zone to said second reactor zone; 

wherein said one or more second reactants pass once 
through said porous wall to contact said one or more 
liquid first reactants in said first reactor zone and form 
said reaction product fluid only in said first reactor 
zone, and the components of said first reactor zone 
which are selected from the group consisting of said 
reaction product fluid, unreacted said first reactant, 
unreacted said second reactant and combinations 
thereof exit only from said first reactor zone, 

wherein said porous wall through which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
ICT^ to about 5x10"^ cm' cp/cm^ sec psi. 
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29. The process of claim 28 wherein said mixing elements 
in said first reactor zone have at least one dimension equal 
to from about V4 to about Vioo of the largest dimension of said 
first reactor zone normal to the flow of said one or more 
liquid first reactants through said first reactor zone. 5 

30. The process of claim 29 wherein said porous wall 
comprises one or more porous tubes which separate said first 
reactor zone firom said second reactor zone. 

31. An exothermic process for forming a reaction product 
fluid by reaction of one or more first reactants and one or 
more second reactants which comprises: 

(a) feeding a first reactant at a first pressure through a first 
reactor zone containing mixing elements having at least 
one dimension which is equal to from about 'A to about 
Vioo of the largest dimension of said first reactor zone 15 
wherein said one dimension and said largest dimaision 
are measured in the dimension which is perpendicular 

to the flow of said first reactant through said first reactor 

(b) feeding a second reactant at a second pressure higher 20 
than said first pressure into a second reactor zone 
separated from said first reactor zone by a porous wall 
having multiple openings capable of being penetrated 
by said second icactant at multiple sites to produce in 
said fiist reactor zone a resulting mixture having cona- 25 
ponents selected from the group consisting of said 
reaction product fluid, unreacted said first reactant, 
unreacted said second reactant and combinations 



reactant at multiple sites to produce in said first reactor 
zone a resulting mixture having components selected 
from the group consisting of said reaction product fluid, 
unreacted said first reactant, unreacted said second 
reactant and combinations thereof; and 
(c) maintaining the pressure within said second reaction 
zone higher than the pressure in said first reaction zone 
at corresponding locations of said porous wall, to 
thereby inhibit any flow through said porous wall from 
said first reactor zone to said second reactor zone, of the 
components of said first reactor zone which are selected 
from the group consisting of said reaction product flmd, 
unreacted said first reactant, unreacted second reactant 
and combinations thereof; 
whereby said second liquid reactant passes through said 
porous wall to contact said first hquid reactant in said 
first reactor zone and form said reaction product fluid 
comprising a liquid, a gas, or combinations thereof only 
in said first reactor zone, and the components of said 
first reactor zone which are selected from the group 
consisting of said reaction product fluid, unreacted said 
first reactant, unreacted said second reactant and com- 
binations thereof exit only from said first reactor zone, 
wherein said porous wall through which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
10"* to about 5x10"^ cm^ cp/cm^ sec psi. 
34. The process of claim 33 wherein said porous wall 
through which said second Uquid reactant pr-— •"*" 



(c) maintaining the pressure within said second reaction 3" first reactor zone h^ a viscosity "°™^|1P«™^*^^ 
*■ ■ . .- tanging from about 5x10^ to about 5x10 'cm cp/cm sec. 



zone higher than the pressure in said first reaction zone 
at coiiesponding locations of said porous wall, to 
thereby inhibit any flow of the components of said first 
reactor zone which are selected from the group con- 
sisting of said reaction product fluid, unreacted said 
first reactant, unreacted second reactant and combina- 
tions thereof through said porous wall from said first 
reactor zone to said second reactor zone; 

whereby said second reactant passes through said porous ^ 
wall to contact said first reactant in said first reactor 
zone and form said reaction product only in said first 
reactor zone, and the components of said first reactor 
zone one which arc selected from the group consisting 
of said reaction product fluid, unreacted said first 
reactant, unreacted said second reactant and combina- 
tions thereof exits only from said first reactor zone, 

wherein said porous wall through wluch said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeabflity ranging from about j,, 
10"* to about 5x10"^ cm^ cp/cm^ sec psi. 

32. The process of claim 31 wherein at least one of said 
reactants is a Uquid. 

33. A process for forming a reaction product fluid by 
reaction of a first liquid reactant with a second liquid jj 
reactant, which process comprises: 

(a) feeding a first liquid reactant at a first pressure into a 
first reaaor zone containing particles having at least 
one dimension which is equal to from about Vi to about 
1/100 of the largest dimension of said first reactor zone 
wherein said one dimension and said largest dimension 
are measured perpendicular to the flow of said liquid 
reactant through said first reactor zone; 

(b) feeding a second liquid reactant at a second pressure 
higher than said first pressure into a second reactor 63 
zone separated from said first reactor zone by a porous 
wall capable of being penetrated by said second liquid 



35. The process of claim 34 wherein said porous wall 
comprises one or more porous tubes which separate said first 
reactor zone from said second reactor zone. 

36. A process for forming a product by reaction of one or 



more first reactants and 
comprises: 

(a) feeding into a first re 
ments therein said one 
pressure; 

(b) feeding one or more 
second pressure highc 



r more second reactants which 



ctor zone having mixing ele- 
r more first reactants at a first 



of said second reactants at a 

^ than said first pressure into a 

second reactor zone separated from said first reactor 
zone by a porous wall which is capable of being 
penetrated by said second reactant at multiple sites to 
produce in said first reactor zone a resulting mixture 
having componenu selected from the group consisting 
of said reaction product fluid, unreacted said first 
reactant, unreacted said second reactant and combina- 
tions thereof; and 
(c) maintaining the pressure within said second reaction 
zone at all locations of said porous wall higher than tiie 
pressure in said first reaction zone at corresponding 
locations of said porous wall, to flicreby inhibit any 
flow of the components of said first reactor zone which 
are selected from the group consisting of said reaction 
product fluid, unreacted said first reactant, unreacted 
second reactant and combinations thereof tiirough said 
porous wall from said first reaction zone to said second 
reaction zone; 

wherein said one or more second reactants will pass 
through said porous wall to contact said one or more 
first reactants in said first reactor zone and form said 
product only in said first reactor zone, and tiie compo- 
nents of said first reactor zone which are selected from 
the group consisting of said reaction product fluid, 
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unreacted said first reactant, unreacted said second 
reactant and combinations thereof exit only from said 
first reactor zone wherein the flow of the first reactant 
is pulsed flowed at a rate which changes the flow rate 
from about a maximum flow rate in one direcdon to S 
zero flow and then to about 20% of the maximum rate 
in the reverse direction and thereafter returns to the 
maximum flow rate in the original direction, 
wherein said porous wall through which said one or more 
second reactants passes into said first reactor zone has 
a viscosity normalized permeability ranging from about 
10~" to about 5x10"^ cm^ cp/cm^ sec psi. 

37. The process of claim 36 wherein the flow changes in 
a pulsed manner from about the maximum flow down to 
about 50% of the maximum flow rate and returns to about 15 
the maximum flow rate in the original direction. 

38. The process of claim 36 wherein in step (c) the rate of 
flow of the first reactant is pulsed to about 80% of the 
maximum rate flow and then returns to about the maximum 
flow rate in the original direcdon. 20 

39. The process of claim 36 wherein in step (c) the rate of 
the flow of the first reactant is pulsed down to about 20% of 
the maximum rate of flow and then returns to about the 
maximum flow rate in the original direction. 

40. TTie process of claim 36 wherein the pulsed flow has 25 
a flow cycle time of between about 0.1 and 1000 seconds. 

41. The process of claim 1 wherein the process comprises 
step (d), (e) and (f); 

(d) conveying a portion of the reaction product fluid of 
step (c) to an evaporator; ^° 

(e) separating volatile reactants or volatile reaction prod- 
ucts wherein the vapor pressure of the volatile reactants 
or volatile reaction products is about I mm of Hg or 
higher at the ten^erature of the reaction in step (c) 35 
thereby creating a reaction product liquid; and 

(f) recycling all, a portion or none of the reaction product 
liquid of step (e), which is now depleted of volatile 
reactants, reaction products or a combination thereof, to 
the first reactor zone of step (a). 43 

42. The process of claim 15 wherein the process com- 
prises step (d), (e) and (f); 

(d) conveying a portion of the reaction product fluid of 
step (c) to an evaporator; 

(e) separating volatile reactants or volatile reaction prod- *^ 
ucts wherein the vapor pressure of the volatile reactants 

or volatile reaction products is about 1 mm of Hg or 
higher at the temperature of the reactioa in step (c) 
thereby creating a reaction product liquid; and 

(f) recycling all, a portion or none of the reaction product 
liquid of step (e), which is now depleted of volatile 
reactants, reaction products or a combination thereof, to 
the first reactor zone of step (a). 

43. The process of claim 26 wherein the process com- 
prises step (d), (e) and (f); 



(d) conveying a portion of the reaction product fluid of 
step (c) to an evaporator; 

(e) separating volatile reactants or volatile reaction prod- 
ucts wherein the vapor pressure of the volatile reactants 
or volatile reaction products is about 1 mm of Hg or 
higher at the temperature of the reaction in step (c) 
thereby creating a reaction product liquid; and 

(f) recycling all, a portion or none of the reaction product 
liquid of step (c), which is now depleted of volatile 
reactants, reaction products or a combination thereof, to 
die first reactor zone of step (a). 

44. The process of claim 28 wherein the process com- 
prises step (d), (e) and (f); 

(d) conveying a portion of the reaction product fluid of 
step (c) to an evaporator; 

(e) separating volatile reactants or volatile reaction prod- 
ucts wherein the vapor pressure of the volatile reactants 
or volatile reaction products is about 1 mm of Hg or 
higher at the temperahjre of the reaction in step (c) 
thereby creating a reaction product liquid; and 

(f) recycling all, a portion, or none of the reaction product 
liquid of step (e) which is now depleted of volatile 
reactants, reaction products or a combination thereof, to 
the first reactor zone of step (a). 

45. The process of claim 31 wherein the process com- 
prises step (d), (e) and (f); 

(d) conveying a portion of the reaction product of step (c) 
to an evaporator; 

(c) separating volatile reactants or volatile reaction prod- 
ucts wherein the vapor pressure of the volatile reactants 
or volatile reaction products is about I mm of Hg or 
higher at the temperature of the reaction in step (c) 
thereby creating a reaction product liquid; and 

(f) recycling all, a portion or none of the reaction product 
liquid of step (e) which is now depleted of volatile 
reactants, reaction products or a combination thereof to 
die first reactor zone of step (a). 

46. The process of claim 33 wherein the process com- 
prises step (d), (e) and (f); 

(d) conveying a portion of the reaction product fluid of 
step (c) to an evaporator; 

(e) separating volatile reactants or volatile reaction prod- 
ucts wherein the vapor pressure of the volatile reeictants 
or volatile reaction products is about 1 mm of Hg or 
higher at the temperature of the reaction in step (c) 
thereby creating a reaction product liquid; and 

(f) recycling all, a portion or none of the reaction product 
liquid of step (e), now depleted of volatile reactants, 
reaction products or a combination tiiereof, to the first 
reactor zone of step (a). 
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[57] ABSTRACT 
Mulitube falling-film reactor for the continuous sulfona-. . 
tion and sulfation of fluid-sUte organic substances by 
reaction with gaseous sulphuric anhydride (SO3), has 
each tubular element non-permanently fixed to the 
plates and has a nozzle (10) fitted in a sleeve (20) inte- 
gral with a reaction tube (23). The nozzle (10) can slide 
within the sleeve (20) and may be placed at different 
heights with respect to the latter, forming with the 
end-piece (14) a cylindrical crown opening (18) of fixed 
widtii and variable height. Such arrangement permits to 
control the delivery of the fluid to be sulfonated. The 
opposite end of each tube (23) fits into a double-plate 
seal system. 

5 Claims, 3 Drawing Sheets 
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obtained through rather high and easily controllable 
MULTTTUBE FALLING-FDLM REACTOR vertical shifts of the nozzle; , ^ ^ ^ , ^ 

b) nest of tubes non permanently fixed to the plates, 
FIELD OF THE INVENTION but blocked to the latter by means of systems with 

, ■ V <• 11- i-i .»oo 3 flanges, ring nuts and seals. Such tubes can be easily 
This mvention refers to ""^^ f^-^-f^^ tlen out d n.ay be replaced in a very short time; 

tor, utduable m particular for ™ c) adoption on the reactor outlet side Gower side) of 

nently Led to at least one plate. stream of the reactor. 

The organic substance and the SO3, opportunely BRIEF DESCRIPTION OF THE DRAWINGS 

diluted with air at a concentration of about 4%, are fed ^- . r.u- 

from above within the tubes, while a cooling fluid, 15 The structures of such a reactor object of ^^i^vf"; 

Srdly water, is provided externally to the tubes to tion shall clearly appear from the following detailed 

absorb the heat of the reaction (exothermic). In order to description, wherein reference is made to the attached 

obtain high yields and a sulfonated or sulfated product drawings which represent a preferred embodiment, to 

of good quality, reaction must take place uniformly in be construed as a non-limitative example, and wherein: 

each tube of the reactor. ^° FIG. 1 is a longitudinal section of a tubular element of 

To obtain this result, the reagents should be distrib- the multitube reactor object of this invention; 

uted homogeneously and constantly in each tube of the FIG. 2 is an enlargement of the II— II cross section of 

reactor. However, while for SO3 this uniform distribu- piG. 1; and 

tion takes place spontaneously, as this reagent is fed at a pjo. 3 is an enlargement of detail A of FIG. 1. 

constant pressure in the gaseous phase, for the organic 25 ^ longitudinal section of the reactor of this 

substance, on the contrary, a control system must be invention. 

provided in the various tubes in order to obtain the ^f/■y(^^ reference to the above drawings, the reactor is 

necessary distribution uniformity. At present, various represented, by way of example, by a single tubular 

control systems are utUized, all of which have a distrib- element. 

utor on top of each tube provided with a slit or orifice 30 ^ bounds a chamber 1 of distribution of the 

whose section can be mechanically adjustable in various gaseous SO3 in the various tubes, placed upon a first top 

ways. plate 2. Nozzles 10 fit in special holes of said plate, said 

These systems permit a poorly precise control of the ^Q^zles having each an edge 11, utilized to fix the nozzle 

delivery. ActuaUy, minor variations in the passage sec- .^^ ^^^^^ and gaskets 19. Each 
tions suffice to produce rather high delivery vanations, 35 ^^^^^^ comprises a lower part 13 having a toothed- 

which prevent the organic substance from reaching an ^jjeel-shaped radial section and a lower end-piece 14. 

optimum distribution uniformity in all the tubes. Be- ^^^^^ ^ ^^^^ ^ ^^^^^^ ^^^^-^^ its 

sides, the known reactors show another drawback ^ j^^j^ provided in a second top 

which adds to the above mentioned mconvemence. In ^ ^^^^ ^^^^ ^^^^ jl by means of 

fact, they are produced with tubes that are permanently 40 ^ ' ^ gaskets 29. At both ends of said sleeve 20, 

fixed to the plates and therefore they cannot be easily screws ^ ^ ^^^^^^ ^ 

removed, should they bre^^As a consequen^, mamte- P^J^^ comiLtion is made in such a way as to 

nance operations are needed which are rather wean- 23 to be flash with 

some and lengthy, to have the reactor repaired. int,>mi,1 wall nf said sleeve 20 

Now. the applicant has devised the multitube faDing- 45 ^^^^^^f:^i^^Zl J ^he fluid to be sulfo- 

fjm reactor subject of this mvention. u dizable m pariic- ^^^^^^ 1^^^ 2 

ular for sulfonation and sulfation r^ction^ wluch per- ™ °' ^^^^ ^^^^^ 4. from this chamber, the fluid 

mits to eliminate all the above mentioned drawbacks of ^^^^LTe S^^^ channels 15 provided in the 

the known reactors of the known types. ^^^^^ ^3 ^^.^^^^j^ ^^y^^^^ ^ ^ ^^^j^y 15 

SUMMARY OF THE INVENTION then flows down from a cylindrical crown-shaped 

A„ .tjec, of .hi. ,»v„««. .>,=,.fo,= a »c.or ^'^J^ ff^^^^^'^J^,:^ 

comprising: , . <• n\fce 14 of nozzle 10. forming a fihn that flows down 

a) a very simple and precise control system of the piece i» 01 nozzie 6 

v^ations, utilizable to control and make uniform the opening, and, therefore, varmtions m the dehvery of 
Sow in the various tubes of the reactor. The preci- 65 fluid fed to reaction tube 23. Such an arrangement pe - 
Srd accuracy of this control system ensue from the mits to calibrate, with the utmost precision and accu- 
f^ n even ninor delivery variations-allowing for racy, the fluid dehvery mto the various tubes of the 
very exact and easily reproducible calibrations-can be reactor, making the distribution uniform m each tube 
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and making up in this way for the flow differences with a first d.stnbution chamber (3) placed be^^een sa^d 

wWch would create in the tubes, due to unavoidable. first and second top plates (2) and (4) ^J^'J^^S^^ 

however minor, width differences in the various open- liquid organic substance, said lower part of nozzle 

ings 18. In practice, such calibration operation is made is provided with longitudmal channels (IS), defined by 
by utilizing varying thickness strips 51, calibrated to 5 said lower part of said nozzle and said internal surface 

thickness differences of 0.01-2.0 mm, which are fitted of said sleeve, said liquid organic substance flows 

between the edge of each nozzle 10 and gasket 19, until through said longitudinal channels (IS), collects m a 

a uniform fluid flow is obtained in all tubes. cavity (16), said nozzle (10) has a lower end piece (14), 

The lower end of each tube 23 is fitted in a double said lower end piece having an external waU, a cylindn- 
plate system. In fact, the reactor comprises a first lower 10 cal crown-shaped opening (18) being provided between 

plate 6 and a second lower plate 8. both of them having said inner wall of said lower part of said sleeve (20) and 

non permanenUy fixed through-tubes. On each tube 23, said external wall of said lower end piece (14), said 

the seal is provided respectively by braid-gaskets 33 and opening (18) having constant width and a lower end, 

43, which are set against tube 23 by ring nuts 31 and 41, said liquid organic substance then flowing down from 

when these latter are screwed, through threads 32 and 15 cylindrical-crown-shaped opening (18), forming a 

42 to said plates. Such double plate system prevents any fluid fjni which flows down along said internal walls of 

possible infiltration of the pressurized cooling water in j^id reaction tube (23). where it reacts with said gaseous 

zone 5— provided on the outside of the tubes— from SO3 which moves concurrently thereto, a second distri- 

ending up in the reaction substance, giving rise in this bution chamber (1) being placed upon said first top plate 
way to the aforementioned problems. 20 ^2) and under a top cap for introducing SO3 at the level 

This infiltration would cause the cooling water to jo^gj of said opening (18), wherein said 

collect In fact in the air gap at atmospheric pressure in longitudinal channels (15) are defined by a toothed 

zone 7 on the reactor outside, between the two plates 6 profile radial section of the lower part of said nozzle and 

and 8. said nozzle is adapted to slide within said sleeve (20) and 

The reactor according to the above described inven- 25 placed at different heights, 

tion permits an easy and rapid taking out of any tube, if The reactor according to claim 1 which is provided 

a change should be needed. y^jjj steel strips (51) calibrated with thickness differ- 

While the invention has been described with refer- ^^^^ ^j. q qi-I mm; said nozzle (10) has an edge, said 

ence to a specific embodiment, many alternatives and ^^^^ ^^^^^ ^^^^^ between said edge and a gasket and 

changes may be obviously made by the experts m the 30 ^^^^.^^ jjgjgjjt of said opening (18) is varied by 

light of the above description. Hence the invention lowering said nozzle (10) by means of said 

embraces all the alternatives and changes which fall ^^^^ ^ , whereby variations in the flow of said 

within the spirit and protection scope of the following ^^^^ ^^^^^^ substance are obtained and the flow of 

claims. liq„jjl organic substance becomes uniform in said 

Llt^atitubefalling-filmreactorforthecontinuous ^'T'S:'^^:^^.^^ claim 2, wherein said 

sulfonation and sulfation of a liquid organic substance • ^ ^ ^ ^j^^ ^ ^^^^ (12) 

by reaction with gaseous sulphuric anhydnde SO3, nozzle to said first top plate (2), said reactor 

consisting essentially of a plurahty of tubular element ^^eel strips (si) and calibrated with 
means for feeding said hquid ^f^^^^^f^^^ ^ rhiKs ifferences of 0.01-2.0 'mm, said strips being 

tubular element consistmg essentiaUy of a nozzle (10) 'i" ™^ ^^ge (11) and said gasket (19), 

a reaction tube (23) fixed to said sleeve (20) and project- 45 said reactor is uniform. 

ing under said econd top plate (4); said sleeve having *• .The rea«°' ^'^HtK *° ' ^5^^^^^^ 

an internal surface and a lower part, said reaction tube opemng (18) has a width between 0.25 and 0.35 mm m 

having a lower end and an internal surface and being all said tubular elements. 

placed m such a way as to cause its internal surface to be 5. The reactor accordmg to clami 4 wherem smd 
flush with said internal surface of said sleeve (20), said 50 nozzle (10 and said sleeve (20) ^ »f . P^^.^^^fj 
lower end of said reaction tube fitting into a double fixed to said first and second top plates (2) and (4) re- 
plate system comprising plates (6) and (8), said means spectively. , , , , , 
for feeding said liquid organic substance is provided 



65 
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inaily or cataiytically, preferably the latter. For thermal 



3,375,288 convefsibhs, the dehydrogenation zone. inky be left empty 

DEHYDROGENATION OF HYDSOeARBONS or it may be filled with inert heat eohdudive pactahg or 

AT fflGH CONVERSION LEVELS hgat tfansfei- pebbles. For catalytic cbhversions, the 
Armand J. de Rossee, Glaiendon Hills, Bl, assignor to g catalyst teay be suitably deposited as a thin film upon the 

Universal OU Products Company, Des Plalnes, Dl., a .^^^ aehydrbgenatibii zone, usibg vkijor deposition 

corporation of Delaware ^ impVeknktion techniques; alterhatiVcIy, the dehydro- 

T6l^d ici 26i^i9) genation lone may comprise a bed of catalyst particles. 

. The various dehydrogenation catalysts suitable for use iii 
■ 10 the i)rcseiit iiiveiition aiii freirkiibwn ii the art a^^^ 

ABSTRACT OF THE DISCLOSURE include, for example, aluMna, chromia-aluiiiina, chroiniai 

, . . .,. . , . I J 1 jAi,«j,„Ai„»»ir,rt !« /lAii magnesia, chrbmia-beryllia-aluinina, fefria-alumina, fer- 

A hydrocarbon IS subjected to dehydrogenation m io^^ Ha-iagnfcsia, platinum group metals iti general, par- 

tact with one side of a silver membrane. An oxygen- ^. .^^^^^ ^j^y^^^, -j^^j oxide-aliimiiia, 

contaimng gas is mmntained m contact w^^ oxides bf Strontiiim, tarmi and kolybdcniiin, ortto-phos- 

side of the membrane. Oxygen is diffused through the vaiidus ilkali 6i alkaline earfli inetals, cujiric 

membrane to oxidize the resultmg free hydrogen, hberated ^^^^ ,^ combination with a stabilizer such as an oiidb 

dunng ^e course of Uie dehydrogenation, thereby ower- , ^ ^ cadiiiuifi, cobalt or nick^L typical specific 

mg the hydrogen partial pressure of the reac^on imxt^ conipdsitidns include, for example. 3-50% chromia bii 

This permits the reaction to pr(^ceed at a ^ j^.^^^^ ^ q ^j^^i 30 chromia-10 

temperature and with high selecuvity toward the desired ^^^^^^JsCi alumina, with any of the foregoing being pro^ 

less saturated hydrocarbon product. ^^^^ addition of 1-8% potassia or cupiic oxide; 

11 Another compbsition suited for use in dehydrogenation 

. . _ . .. reactiobs is 10-30% FeaOa pliis 3^8% K2O pliis 62-87% 

This invention relates to an improved Pro?ess for ^e ■ ^^^y^ coinposition of k given catalyst as it 

dehydrogenation of hydrocarbohs More pa Jcdarly.A^^ ^ ^. ^^^^^ 

invention IS directed to a method for ^eduang the hy^^^^ determined in accordance with the particular feed stock, 

gen activity of the dehydrogenation equJabnnm mature . ^^^^.^i^^^ ^^^^^ conversion desired, in a 

whereby to mcrease the olefin:feed equib^num ratio o^ ^^^^ ^^-^^ 

the product This te<imque penmte the use of subst^Ually 3^ ^^^^ ^ -^^ g,„. 

lower dehydrogenation temperatures than are conven- appUcable in the dehydibgenatibh of alkanes, 

tionally employed and achieves greater yields per pass and ^^^^ aromatics, and more particularly in the 

higher selectivity. ^ ■ ■ dehydrogcnatioh of n-alkanes or iso-alkanes cobtaining 

The reduction of hydiogen ^ctivity is accompluh«l ^ .^^^ ^^^^^ ^^^^^ ^, j^^j^ corresponding 

through the use of a hm me aEic f i^^^r wdl or mem^^ 35 iso-alkenes or, m a single stage, to the corre- 

brane one side of which contacts the dehydropnauon n-alkadiehes or iso-alkidienes; further, in the 

zone proper and the other side of wh^h contacts a free /.j^ j^o tioh of n-alkenes or iso-alkeries containing 

oxygen-eontaimng ataosphere-ThemembrMe isanan^^^ 3 to 6 carbon atoms per molecule to the corresponding 

to isolate the dehydrogenation zone from the oxygen- ^j. iso-alkadiene, particularly the conjugated 

contaming atmosphere while at the same time affordmg a 40 ^ ^ dehydrogenation of an alkyl- 

diffusive flow ^'^^^^f^^^^'^^^J^'S^' b nzen/ cS S^naphthalene. in which the alkyl grbip 

contain. 2 to 6 carbon atoms, to the alkylene bebzene - 



diffuses through the membrane to oxidize the free hydro- ^ naphthalene. Some of the mbre commercially 

gen hberated m the dehydrogena^on • B«ause the conversions include. for example, the dehydro- 

oxygen transfer f>ffu?ton contrp^^^ed the com^^^^^^^ 45 ^ propylene, n-butane to l^butene, 

hydrogen takes place '-^ ^ {hm fflmular ox^uoh s t.^iutadiene, 1-butene to 1,3-Butadieiie, cis- 

a bng the surface of the membrane and does not propagate , ' „e o i,„t.ni tn 1 hMadifn^ UiwiitptiP to 

itselfgeberallytluoughoutthedehi^rosen^^^ gS^^^'mS-^tS'rS^ni^^^ 

°, " , ,•„.!„ ♦.,«„,r=f„,>/' ethylnaphthalene to vinyl napthalene, 
''^p <^i^SSS^be advantageously '^^'^'f J^^^tT'"" a W^^S^^ 
practiced by means of a novel tubular reactor comprising require relatively high temperatures o^ adueve commer- 
inner and outer tubes, at least a portion of the wall of the cially significant conversions, generaUy in the^ range of 
mcr mbc^nsisSofa thi^ 55 1000°-1200; F The present mvention on the other 
p"«eflow\foxygentherethroush.t6getherWith hand, atfdrds substantial conversions at ower tempera^ 
means for heating the tubes to dehydrogenation teinpera- tures, generally .a the^range of 800 -1000 R when a 
ture, means for introducing a gaseous hydrbcarbdil feed catalyst is emp oyed. Feed parbal pressur^ m^ range 
into one of said tubes and for witfidrawirig prbdJct thete^ from a new mil taeters Hg absolute to 50 p^.La or im^^^^^ 
from, and means for introduciiig an 6xygen^ontaining go and space velocities from 0.2 to 1000 volumes of hydro- 
gas i^to the other of said tubes. The interior of the inner carbon feed/volume of catalyst/hour_ 
tabe may be the dehydrogenation zone and the annular It is. therefore, a further aspect of tbe invention to pro- 
space between the tubes may be the oxygen supply zone; vide an improved process for the dehydrogenation of a 
conversely the interior of the inner tube may be the hydrocarbon feed stock, wherem the feed is reacted in a 
oxv(?en supply zone and the annular Space between the gg dehydrogenation zone under dehydrogenation cpndiuons 
tubes may serve as the dehydrogenation zone. In a pre- to yield a less saturated hydrocarbon and free hydrogen, 
ferred embodiment of the apparatiis, the reactor com- . which improvement is specifically directed to red-ucmg , the 
prises a bundle of thiii-walled silver tubes mounted within hydrogen activity of the reaction muture and which cop 
a single outer tube or shell, as in the familiar stell-aiid- prises contacting the reaction mixture, while undergoing 
tube heat exchanger. The' increased surface area of the dehydrogenation, with one side of a thin silver menibrane,- 
multiple tube design affords Hgher oxygen transfer rates. maintaining an bxygen-contammg gas m contact with the 
The dehydrogenation reaction may be carried oiit ther- ether side of Said membraiie, and diffusing oxygen through 
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the membrane into the dehydrogenaUon zone to oxidize 
such free hydrogen and thereby lower its partial pressure 
so that the dehydrogenation of the hydrocarbon proceeds 
to completion at a relatively low temperature. This m 
turn affords a significantly, increased le-vel o£ con^'e^sIon 5 
and higher selectivity toward the desired olefimc product 
The present mvention may be more clearly understood 
by reference to the accompanying drawing, which lUus- 
trates a preferred apparatus for carrying out the process 
but it is not intended that the apparatus thereiu iUustrated 
shall limit the scope of the invention to any greater extent 
than is required by the claims. 

FIGURE 1 is a sectional view of a multiple tube re- ^^^^ . ^ , j 

actor FIGURE 2 is a transverse view of the apparatus 2.25 inches in diameter and 24 >nches long and conipn^s 
o Flbx^Maten along line 2^2 of FIGURE 1. .15 500 silver tubes. inoh O.D. of 0.002 mc^^^^ 

uirivj . .„ njss. The tubes are welded to tube sheets which are sealed 

to the outer shell. A second tubular reactor, designated 
reactor B, is simUarly constructed except that the inner 
tubes are conventionally formed of a fluid-impervious 
stainless steel. Each reactor is loaded with 1000 cc. of 
20-40 mesh dehydrogenation catalyst having the com- 
position 5 GrjOs-SS AI2O3. The reactors are installed in a 
thermostatically controlled muffle furnace. Gaseous butane 
the shell of each and air is passed through the 



tubes may be filled with a solid dehydrogenation catalyst 
distended upon a porous support or carrier. 

The benefits afiorded by the -invention are further illus- 
trated by the following specific examples. It is not m- 
tended, however, that the invention be limited to tne 
particular reactants, catalysts or conditions specified there- 

EXAMPLE I 
Butane dehydrogenation 
A first tubular reactor, designated reactor A, is con- 
strurted as shown in the drawing. The outer shell hM an 
inside diameter of 2.5 inches. The inner tube bundle is 



With reference to FIGURES 1 and 2, the reactor is 
comprised of an outer shell 10 and an inner bundle of 
tubes 11. Tubes 11 typically have an outside diameter of 
0 01 inch to 0.5 inch and a wall thickness of 0.001 inch . 
to 0.01 inch, although greater or lesser diameters and Z 
thicknesses may be utilized when desired. The ends of 
tubes 11 are suitably rolled or welded to tube sheets 12 
and IS. Tube sheet 12 and head 13 define an inlet mani- 
fold to which air or oxygen is introduced through an inlet _ <,.„„^, , 

conduit 14: tube sheet IS together with head 16 define 25 tube bundle. The butane feed and air streams a 
an outlet manifold from which inerts may be vented heated to reaction temperature before "^5/^^ 
through conduit 17. A particle-form bed of dehydrogena- actor. The pressure of the air stream in the bundle^ is 
tion catalyst 20 is disposed outside tubes 11; alternatively, maintained at 700 p.s.i.a. Conditions and results lor a 
areas of the exterior surface of tubes 11 may be coated 30 minute period of lined out operation are given in 
v/ith dehydrogenation catalyst. Shell 10 is encased by a 30 Table I below. All flows are gas volume corrected to 



refractory block 21 which in turn may be heated by con- 
ventional means such as electric coils 22 embedded there- 
in. Heat transfer from block 21 to the sheU and tube 
assembly serves to maintain the reaction zone at the de- 
sired elevated temperature. 

Hydrocarbon vapor feed is introduced into shell .10 
through feed inlet conduit 18; the feed may be diluted 
with steam, nitrogen, carbon dioxide or other inert gas 
for partial pressure control in the usual manner. Dchydro- 
genation reaction product is withdrawn from the other 
end of shell 10 through an outlet conduit 19. A free 
oxygen-containing gas is introduced into inlet conduit 14; 
such oxygen-containing gas may be pure oxygen, air or 
a blend of oxygen with steam or nitrogen. The total pres- 
sure of the oxygen-contMhing gas within tubes 11 is mam- "la 
tained substantially above the total pressure existing out- 
side tubes 11; for example, the pressure differential may 
range from about 10 p j.i. to about lOOO p.s.L depending 



standard conditions of temperature and pressure. 

TAB1.E I 



SUver Membrana Yra 

TemperatuiB, ° F -- J™ 

Inlet butane pressure, p.3.i.ii —. « 

Feed rats, co./mto..— 

Selectivity to total'n-buteaes, percent 



Butene dehydrogenation 



The two reactors of Example I are utilized with the 
following changes: each reactor is loaded with lOOOcc, of 

" — a dehydrogenation catalyst having the composiUon 84 

upon the wall thickness of tubes 11. Obviously the pres- 0% CraOa-U K3CO3; the feed is 97% l-butece; 

sure differential should not be so great as to cause rapture ou j^panVare provided for diluting the feed with 1000° F. 
of the tubes. The pressure of the oxygen-contaming gas ^^^^ Conditions and results for a 30 minute period of 
may be conveniently controlled by means of a differential operation are given in Table n below, 

pressure controller sensing the pressure of the oxygen- tabieh 

containing gas and the pressure of the dehydrogenation ^ 

zone and the difference therebetween utilized to regulate J-J 

the flow of oxygen-containing gas.. The flow of oxygen A B 

through the tube walls is essentially diffusion-controlled. ^ - 

If pure oxygen is employed, the outlet conduit 17. may he 
omitted whereby tubes 11 merely define a dead-ended 
volume of oxygen. However, where the. oxygen-contaimng. 
gas comprises inerts such as introgen, water vapor or car- 
bon dioxide, it is preferred to maintain a continuous flow 
thereof through tubes 11 to prevent accumulation of in- 
erts within the system and at the same time to facilitate 
pressure control of the oxygen-containing gas. Gas which 
is depleted in oxygen may be withdrawn from ouUet con- 
duit 17, enriched by addition of make-up oxygen, and re- 
cycled to inlet cond'uit 14. It is, of course, within the 



.'?ilvcr MembTBOB r— 

Temperatare, " F 

, Inlet botene pressure, p.s.1.8 

) Feed rate, cc/rnln - 

Steam rate, cc./mln 

Air rate, '^■f^^-^--^-{--^-;^{— 
Selectivity to 1,3 C<H., percent."— 



EXAMPLE m 

Ethylbenzene dehydrogenation 



scope of the present 



The two reactors of Example I are utilized with the 

to reverse the functions of foUowing changes: each reactor is loaded with 1000 cc. 

the" shell andtubes whereby the tubes serve as the dehy- 20-40 mesh granular catalyst havmg the coinposition 90 

drogenation zone and air or other oxygen-containing gas Fe,03-4 Cr,0^-6 K.COj; the feed is 98% 'ftylbenzene, 

TILci to the shell side of the reactor; with this latter means are provided for di uting the feed with 950 F 

coStion, the interior surfaces of tubes 11 may be steam. Conditions and results for a 30 mmute period of 

coated with a suitable dehydrogenation catalyst or the 75 lined out operauon are given m Table UI below. 
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TABLE in 



3,375,288 



Temperature, ° F- 

Mat ethylberaena pressure, p^.1.9. 



Ethylbenzene coiiTerslon, rao! pei 
Seleotivlty to styrene, percent 



.. 10 



As is evident from the foregoing examples, the present 
technique and apparatus achieves substantially higher 
conversions and selectivities at a given tennperature than 
are obtainable with ordinary catalytic dehydrogenation jj 
processes of the prior art and, more particularly, permit 
the use of substantially lower dehydrogenation tempera- 
tures to effect a commercially significant degree of con- 
version. 

I claim as my invention: 20 
1. Process for the low temperature dehydrogenation of 
a hydrocarbon feed to form a less saturated hydrocarbon 
of corresponding structure and free hydrogen, which 
comprises reacting the feed under dehydrogenation con- 
ditions including a temperature of about 800° F. to about 25 
lOOO' F., maintaining the dehydrogenation reaction mix- 
ture in contact with one side of a thin silver membrane, 
maintaining an oxygen-containing gas in contact with the 
other side of said membrane under a pressure sufficient 
to cause oxygen to diffuse therethrough, and diffusing 3Q 
oxygen through the membrane to oxidize said free hydro- 



gen in a fllraular oxidation zone adjacent the membrane, 
thereby lowering the hydrogen partial pressure of the 
reaction mixture. 

2. Process of claim 1 wherein said membrane is tubular 
in form. 

. 3. Process of claim 1 wherein said reaction is effected 
in contact with a dehydrogenation catalyst 

4. Process of claim 3 wherein said catalyst is coated on 
the dehydrogenation side of said membrane. 

5. Process of claim 3 wherein said catalyst comprises 
a bed of particles. 

6. Process of claim 3 wherein said catalyst comprises 
a platinum group metal. ■ 

7. Process of claim 1 wherein said hydrocarbon feed is 
a paraffin containing 3 to 6 carbon atoms per molecule. 

8. Process of claim 1 wherein said hydrocarbon feed is 
a monoolefin containing 3 to 6 carbon atoms per mol- 
ecule. 

9. Process of claim 1 wherein said hydrocarbon feed is 
an alkyl benzene in which the alkyl group contains 2 to 
6 carbon atoms. 
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